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OSTEOTOMY OF THE SPINE FOR CORRECTION OF FLEXION 
DEFORMITY IN RHEUMATOID ARTHRITIS* 

BY M. N. SMITU-rKTr.BSrX, M.n., CAHUOI.B B. l-ABSON’, M.D., AND OTTO O. AUFBAKC, M.D., 

BOSTON, MASSACIICSBTTS 


''O.'tcotomy of the Spine" is a sliplitly mi.«!c:uling title for lliis paper, but it is an 
intriguinp one. efTective in stimulating intcrc.st and curiosity. The operative procedure is 
confined to the laminae and articular facets and does not involve the vertebral bodies. 

Srtnuuary of Rccctil Progress iu Surgery of liheumatoid Arlhrilis 

In 1941 the authors were granted the assignment of “Operative Procedures for the 
Prevention and Correction of Deformities in Rheumatoid Arthritis", at the Massachusetts 
General Hospital. This assignment allowed us to evaluate acromioplasty, excision of the 
radial head, and excision of the distal end of the ulna for the relief of pain and restoration 
of function to the joints of the upi^or extremit}'.' The technique of arthroplasty of the 
hip has been improved, so that more ncarh' perfect mechanical joints can be shaped. 
Progre.<s is also being made in mold arthroplasty of the knee. 

Oplivium Time for Srirgical Procedures in Rhcumaloid Arlhrilis 

One problem has been constantl 3 ' before us, and that is the question of the optimum 
time for surgical treatment. Up to the present time, the generalty accepted opinion has 
been that surgerv must wait until the active stage of the disease has passed. This waiting 
period is a period of graduallj' diminishing activities, commonly terminating in recumbencj’’ 
in the position of minimum pain. The results of diminished or absent function are atro- 
phj' of muscle and bone (loss of elasticity of ligaments, fascia, and intermuscular septa) 
and development of joint deformities. Surgerj’’ performed under these conditions is 
technicalh’- difficult; restoration of motion is slow; and the functional end result less satis- 
factorj' than when surgerj" is undertaken at a relatiA'elj" earlj" stage, while the disease is still 
active. 


Analysis of Development of Flexion Deformity and Its Surgical Correction 

Recumbencj" in the position of minimum pain commonlj" results in a flexion deformity 
of the spine sufficiently marked to interfere with the function of the lower extremities in 
standing and walking, and to make the sitting position one of strain and discomfort. 
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Reproduction of sketch and notes made in preparation for tlic first osteotomy of the spine, March 
1941. 


Manipulation, followed by support, will improve many of these patients; it will not be of 
benefit after bony ankjdosis of the articular facets and calcification of the longitudinal 
ligaments have occurred. Patients with ankylosis of both hips not infrequently present 
this latter extreme condition of the spine. After arthroplasties, the flexion deformitj'’ of 
the spine interferes to such an extent udth function of the lower extremities that the prob- 
lem of correction becomes most important. Analj'^zing the obstacles to correction, we 
came to the conclusion that the ankjdosed facets, surrounded by overgrowth of bone, 
offered more resistance than any of the other spinal structures. Any surgical procedure 
for correction of the flexion deformity must, therefore, be aimed at the facets, articular 
processes, and adjacent laminae; osteotomy of these structures, with excision of sufficient 
bone, should allow corrective leverage to be transmitted to the intervertebral discs and 
longitudinal ligaments, overcoming whatever resistance these may present. 

Preceding the first operation, a diagram was made and the operative steps were out- 
lined (Fig. 1). It is rare that a surgeon is able to cany out a preconceived plan of opera- 
tion, but in this case that was true; furthermore, the operation is even now essentially the 
same. Only six cases have been done; further experience may, and probably will, bring 
about improvement in the operative technique. 

OPERATIVE TECHNIQUE 

The lumbar region is more favorable than the thoracic, since the latter commonly 
presents ankylosed costovertebral joints rendering correction difficult, if not impossible. 
Thoracic osteotomy has been done in only one case; it resulted in subjective improvement, 
but there was no objective evidence of it. 

Selection of the lumbar level or levels at which the osteotomy is to be performed de- 
pends on the roentgenographic findings; the less marked the ossification, the better the 
chance of correction. 
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Opcrnlii r Steps 

'I'linniiih !>n incision in tin' initl-liiu', :»( tlin'c luniliar spinous processos are cx- 
po-^ed. Mvon if I lie o-iootoiny is laa fornn'd at one li'vol only, tlie spinons process above 
and below that levtd inn^t l)e eoinidetely expo-ed and excised in order to allow adequate 
n'traetion (I'ii:. 2. /). 

The second steji eoii'-ists of tlie incision and ndlection of sni)raspinons and inter- 
spinous lipaincnts. followc'd by the snb])eriosteaI rellection of innsele attaclunents from the 
siiinons processes and laminae. 

'I'lu' spinons processes ore tben osteotomized into lamellae witli a thin osteotome, and 
are excised at their bases (I'ii;. 2. o’). ’I'his allows further reflection of the periosteum from 
the suiH'rior atnl inferior articular ])roce.s-es. (‘xi)osiim the intervertebral notch as well as 
the articular facets. 'I'lie reflectioti of the periosteum must be accompanied bj' division 
of the inusaailar attachments to the liptmentnm flavnm. 

By meatis of a periostetim elevator, the lif^amentnm fiavitm is detached from the 
inferior marpin of the lamina and inferior articular itrocess. 'I’he elevator is then ad- 
vanced anterior to tlu' lamina and inferior articular lU'oee.ss until it appears in the lateral 
intervertebral notch just above the articular facet (Kip. 3. .)); it .serves as a guide to the 
direction of the osteotomy throuph the .superior articular proce.s.s of the vertebra below and 
the inferior articular process of the vertebra above. 'I'lie osteotomy is done in an oblique 
plane, at an angle of aiiitroximately -15 deprees with the frontal plane (Kig. 3. o). The 
o.steotomes .should be narrow and thin-bladed; both straight and curved osteotomes are 
required. Gouges of the same type are sometimes useful. A rongeur with narrow jaws is 
indispensable. 3'iie osteotomy is performed at one. two. or three levels, depending upon 
the extent of new-bone formation in relation to the facets and intervertebral discs. 

Upon completion of the osteotomy or osteotomies, leverage in the direction of exten- 
sion is applied by raising the head and foot of the operating table very slowly. The 
gradual narrowing and final obliteration of the oblique spaces between the laminae and 
between the remnants of the articvilar proce.s.ses marks the “high-spot” of the operation. 
The obliquity oT the osteotomy ensure.s locking and prevents any serious displacement 
(Fig. 3, 0). 

By means of delicate osteotome.s, bone flaps are raised from the laminae adjacent to 
the osteotomy, and the bone lamellae obtained from the spinous processes are inserted by 
means of a bone-graft carrier. These grafts bridge the gap between the laminae, and 
• consequently h.asten bony fusion in the corrected position (Fig. 3, G and 7). 

In closing the wound, close apposition of the split interspinous and supraspinous 
ligaments is important. If the approach is developed with proper regard for structures 
and structural planes, the closure and nature’s repair of the wound are facilitated. 

Postoperative Care 

A plaster shell is applied and kept on for four to si.x weeks, followed bj"^ a plaster 
jacket or back brace, to be worn continuouslj" for a j'ear or longer. Since complete correc- 
tion is never obtained, it is important to guard against recurring deformity bj’’ haxnng the 
patient wear the brace part of the day for two or three years postoperativeljx It is hardly 
necessary to emphasize the importance of e.xercises for control of posture, as well as for 
maintaining chest expansion. 

.ASPECTS OF OPER.XTIVE TECHNIQUE DEJLXNDING EMPH.VSIS 

1- The operative procedure must not be belittled, — there are man 3 ^ points in the 
technique that we have found diflacult. 

2. In developing the approach, it is more important to follow structural planes and 
preserx'e hemostasis than to save a few minutes in operating time. The osteotomx’- is in 
itself difficult, and demands a diy field. 
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3. The spinous processes must be excised before nn at tempt, is made to exi) 0 '-o the 
articular processes and intervertebral not ch. 

4. The interspinous ligament and the ligamentum flavum have been found ossified, 
sometimes partially, sometimes completely. In excising the ossified ligamentum flavum. 
one should keep in mind that the dura is apt to be adherent to it and is, therefore', easily 
punctured. A leak of spinal fluid is in it.self of relatively little consequence, but it does add 
another problem to the operative technique. 

6. In introducing the elevator for the purpose of reflecting the periosteum from the 
anterior surface of the lamina, care must be exercised in order to avoid injury to the dura 
and spinal nerves. The inflammatory process which has resulted in the articular destruc- 
tion is accompanied by periarticular adhesions and inelastic structures, not easily reflected. 

6. The bone instruments should be of a delicate type, — they are intended to cut. 
not crush. 

7. The possibility of overcorrection must be kept in mind. If the thoracic spine 
presents marked flexion, there is apt to be compensatory extension deformitj* of the 
cervical spine with motion in the occipitocervical joints only. In the presence of such 
deformities, overcorrection in the lumbar region makes it difficult for the patient to -see his 
plate on the dining room table and to read without holding the book on a level with his 
head. 



Fig. 4-A Fig.4-B 

Before treatment. After ti eatment. 

Case 1, N.B.; aged twenty-three yeais; duration of condition, eight yeais. 

Opcratioijs: 

Maich 1941: Osteotomy of lumbar spine at level of fiist and second, and second and thiul 
vertebrae. 

December 1941 : Osteotomy of thoracic spine at level of ninth, tenth, and eleventh veitebiae. 
February 1943: Aithroplasty of left hip. 

March 1943: Arthroplasty of light hip. 

Present condition: 

The patient is using ci utches and wears a back biace pai t of the time. He tires easily, but says 
he has no pain, and can sit quite comfortably. 


THE JOURNAL OU BONE ANO JOINT SURGERY 



OSTKOTOMY or THI', SPINK 



Flc. UV 

Hoforc trpMttnciit. 


Fici. -I-]) 
After osteotomy. 


Tlie postoiK'nitivo roontcenocnini .-iliows (leflnitc wideninj; of intervertelinil spare.s between the 
firs-t and second lumbar and the .‘■eeond and third lumbar. 



Fig. 5-A Fig. 5-B 

Preoperative roentgenogram. After osteotomy. 

Case 2, S.B.; aged twentj'-four; duration of condition, six 3 'ears. 

Joints in order of involvement were right hip, spine, and left hip. Patient left college to have right 
hip fused for “tuberculosis”. Postoperative immobilization in double plaster spica for one 
j'ear resulted in ankjdosis of spine in flexion, with both hips in flexion and abduction. 

{See page 8.) 
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Fio. S-A and Fin. .l-B {amtiiuial) 

Operations: 

June 1942: Arthroplasty of left liij). Bony ankylosis. 

July 1942: Arthroplasty of right hip. Bony ankylosis. 

August 1942: O.stcotomy of hnnhar spine and fusion with gr.afts from .si)inous i)roee.«seH. 

Fig. 5-A: Preoperativc roentgenogram. I''ig. .vB; Afhu- osteolomy of lumbar .spine al level of thiid 
and fourth vertebi'ae. 

Present condition: 

The patient returned to eollege in Oetober 1912. Ife is still irsing erutches .'it time.s, (u-o e.'ine.s 
most of the time. He is able to sit eomfortably, and eight months .ago resumed playing the i)i.ano. 



Fig. G-A Fig. G-B 


Case 3, B.C.; aged thirty yeai-s; duration of disease, eleven yearn. 

Joints^ in order of involvement were spine, hips, and jaws. Patient had been “frozen” in sitting jiosi- 
tion for seven years. 

Operations: 

February 1940: Arthroplasty of right hip. 

April 1940: Arthroplasty of left hip. 

September 1941: Gauze sponge removed from right iliae fossa. Oper.ative wound healed per 
primam, but a small sinus develojied one .vear later. 

October 1941: Osteotomj’' of lumbar spine at level of second and third vertebrae. 

November 1941: Fusion of osteotomized are.a. 

Fig. G-A: Roentgenogram before osteotomj'. Fig. G-B: Roentgenogram one week after oiieration 
showed marked correction at level of osteotonij', and consequentlj'' fusion was indicated. 

Present condition: 

The patient is using crutches or canes, occasional^ onlj’ one cane. He is working eight hours a daj', 
six or seven daj's a week, and saj's he has no pain. He goes fishing and hunting. 


Fig. 7-A and Fig. 7*B {See page 9.) 

Case 4, R.F.; aged twenty-four yeai-s; duration of condition, two and one-half j’ears. 

Joints involved: Hips and spine. 

Operations: 

Julj' 1942: Arthroplasty of left hip. 

August 1942: Arthroplasty of right hip. 

March 1943: Osteotomy of lumbar spine, and fusion. 

Fig. 7-A: Preoperative roentgenogram. Fig. 7-B: After osteotomj' of lumbar sjiine at level of the 
second and third and third and fourth intervertebral spaces, with fusion at the time of os- 
teotomj’. 
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l'i(:.7-A rio. 7-13 

Poslojyralirr Irrtilmml: Pla^U'r jacket \va< u-tal for (liree nionllis, followed by brace and exercises. 
Prcfcnl conih'tinii: 

Patient U'^e-cnitebesinO't of the time, occasionally two canes. lie i«stiidyinK drafting, and s.ays 
be lias no pain. 



Fig. 8-A Fig. 8-B 


Case 5, .I.W.; aged thirtj'-five j'ears; duration of condition, ten 3 'ears. 

Joints involved: Spine and hips. 

Operations: 

June 1938: ArthroplasU' of left hip for bonj- ankj-Iosis. 

Maj' 1941: Arthroplastj' of right hip for fibrous ankjdosis. 

September 1943: Osteotomj' of lumbar spine with fusion at the level of the third and fourth 
vertebrae. 

Fig. 8-A: Before osteotomj-. Fig. 8-B: After osteotomj- of the lumbar spine with fusion. 

Present condition: 

Patient is able to run and ride a bicj-cle. He uses crutches at times, othero-ise one or two canes. 
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Fici. 9-A Fig. O-B 

Case G, H.C.; aged thirt 3 '-six j’cai-s; duration of condition, four .vears. 

Joints involved: Hips and spine. 

Operations: 

September 1942: Artliroplastj' of right liip for fil^rous ank.vlosis. 

October 1942: Artliroplastj’' of left hip for fibrous ankj'lo.si.':. 

November 1943: Osteotomj' of lumbar spine witli fusion at level of the fourth and fifth verte- 
brae. 

Fig. 9-A: Preoperative roentgenogram. Fig. 9-B: Roentgenogram after o'^tcotomj’ of the lumbar 
spine u'ith fusion. 

Present eondition: 

Patient is able to n.avigatc about the house without crutehe.s or canes, but does h;ivc occasional 
discomfort. 


CONCLUSIONS 

1. Surgical intervention in rlieumatoid arthritis should bo undertaken early, before 
secondary deformities develop. 

2. Flexion deformity of the spine frequently results from dclaj’^cd surgical treatment 
of the hips. 

3. Such flexion deformity may be sufficientl.y severe to demand surgical cori'ection. 

4. Osteotomy of the spine, performed in a small scries of six cases, has .vielded 
satisfactory results. 

1. SMiTH-PETEnsEN, M. N. ; Aueranc, Otto E.; and Larson, Carroll 13.: Useful Surgical Procedures 
for Rheumatoid Arthritis Involving Joints of the Upper Extremitj’. Arch. Surg., XLVI, 7G4, 1943. 

DISCUSSION 

Dr. George E. Bennett, Baltimore, Maryland: Manj’ j’cars ago I had the honor of opening the 
discussion of a paper by Dr. Smith-Petersen — his first jiaper on the introduction of the Smith-Petersen nail. 
That was a subject I could talk on with pei'fect fi-eedoin, because I had had a great deal of e.xpericnce with 
the operative reduction of fractures of the neck of the femur. Later, I had the honor and privilege of dis- 
cussing his paper on the use of the vitallium cup for artliroplastj’ of the hiji. That was also a subject about 
which I could talk from e.xperience. Todaj' I am confronted with oiiening the discussion on an ojiei’ation on 
which I have had absolutelj’ no experience. I can onlj’ saj' that this is an operation designed bj* a man who 
is one of the master-surgeons of his generation. I can see that it has its place. I know none of the older men 
are going to do this operation, unless thej’ do a little work on the cadaver. As Dr. Smith-Petersen said, this 
operation should be reserved for the cases in which all conservative treatment has failed. I think again Dr. 


the journal of bone and joint surgery 


OSTEOTOMY OF THE SPIXE 


11 


Smith-Petersen has presented an operation developed by a genuine master-surgeon. Unless you are a master- 
surgeon, do not try it! 

Dr. H. R. McC.vbroli,, St. Louis, Missouri: This is an operative procedure I have never done, I have 
never seen, and, until about one month ago, I had never heard of. Any discussion' bv me must, therefore, 
be entirelj' theoretical. 

First, there can be no objection to any procedure, regardless of hon- technically difficult it may be, which 
offers the unfortunate patient nnth a fle.\'ion deformity of the spine from Marie-Striimpell disease some hope 
of being able to look the world in the face once more. There are three points, however, which should. I think, 
be taken into consideration; 

(1) The question as to whether or not these deformities should be fairly complete before surgen' is done. 
If they are still in the formative stage, the deformitj' may recur. This in turn prompts the question of 
whether or not enough motion remains in the inten-ertebral spaces to allow correction of the deformity, if 
bone already bridges the interspaces along the anterior longitudinal ligament; 

(2) The prospect of a surgical correction for the deformity should not pre%'ent us from making even.- 
attempt to prevent the flexion deformity from developing. During the earh- stages of the disease, adequate 
consers'ative measures n-ill accomplish this in some patients; 

(3) This operation is not one to be undertaken by an amateur. Many of us have attempted exploration 
of a spine for a possible dL=c lesion after a previous spinal fusion. The technical difficulties encountered in 
the two operations arc essentially tiie same. Such an exploration is one of the most difficult of all ortho- 
paedic operations and should never be considered lightly. 

Dr. M. X. Smith-Petersex, Boston*, M.^ssachusetts (closing): I ha^^ocn ver>- fortunate in having 
Dr. Bennett discuss all my first presentations of what I have considered n^^Bii'cedures. He discussed one 
procedure which he did not mention, — namely, that of acetabuloplasty. ^^This discussion he warned me 
that this procedure was not going to turn out as well as I expected; he was •‘right. Evaluating the results of 
this operation, five years after I operated on the first case, I found that only 50 per cent, of the cases were 
satisfactory- to the patient and to the surgeon. Since the advent of mold arthroplasty, we rarely do acetabu- 
loplasties. ,0 

I want to tliank Dr. Bennett for his encouraging discussion. 

Dr. McCarroll asked three questions; The first was about the deformity being fi-xcd before surgery i« 
done. The operation is not undertaken until conservative measures have failed; it is performed in the lum- 
bar region at levels shon*ing a minimum of bony budging. Such bony bridging may be e.xpccted to yield 
after osteotomies of the articular facets. 

Tlie second point that Dr. McCarroll raised is that of prevention of fle.\-ion deformity. This point can 
not be overemphasized, but, in spite of conscientious efforts in this direction, flexion deformities will occur 
every so often. 

Fin.ally, Dr. McCarroll points out the technical difficulties of the operation. I have cmplLasircd tliis 
iwint in my paper, and Dr. Bennett has 3 B 0 referred to it. The operation is a difficult one and should never 
be undertaken lightly. 

I want to thank Dr. McCarroll for his thoughtful discussion. 
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OSTEOCHONDRITIS DISSECANS OF THE SUPRATROCHLEAR SEPTUM 


BY H. S. MORTON, SURGEON COMMANDER, 

AND W. E. CRYSLER, SURGEON LIEUTENANT COMMANDER 

Royal Canadian Naval Volunteer Reserve 
From the Royal Canadian Naval Hospital, Esquimalt, British Columbia, Canada 

Loose bodies in the elbow joint have not been previonsi}'' classified and distinguished 
from accessory bones in this region. The nomenclature of abnormalities at the lower end 
of the humerus and the upper end of the radius and ulna is confusing, and consequently a 
consideration of the various terms and their definition seems advisable. These conditions 
may be divided into four classes: congenital, developmental, traumatic, and degenerative. 

1. In the congenital group there are two terms: “sesamum cubiti”, which was coined 
by Pfitzner, when he described the .sesamoid bones, and “patella cubiti”, a name intro- 
duced b}'' Keinbock, which may be defined as the counterpart of the kneecap in the elbow. 

2. Under developmental abnormalities may be placed the accessory bones in associa- 
tion with the olecranon process. The variations of the upjier end of this process, as seen 
in the lateral views of the elbow, are numerous; the process ma}'’ have near it a single 
rounded nodule, or there maj'’ be one or two small isolated bones just proximal to the upper 
end. Again, the upper end may be separate, in one large piece. These variations are 
almost normal findings, and they are thought to be accessory bones, formed from a sec- 
ondary center of ossification, Avhich have failed to unite with the main mass of bone. 
They are usuallj'' bilateral and may be associated with other comparable developmental 
anomalies. The first case reported in English, was published in 1942 by O’Donoghue and 
Sell. The lower end of the humerus may have discrete medial or lateral epicondyles. 

3. The traumatic group is the largest. Separation of epiphyses includes the ole- 
cranon epiphysis, the upper epiphysis of the radius, as well as the lower end of the humerus, 
especiall}'' the medial epicondyle, which may be displaced by trauma, and thus ma.y be- 
come a loose body in the elbow joint. The capitellum (capitulum humeri) and the lateral 
epicond 3 de maj'’ be similarlv displaced into the joint. Fractures around the elbow joint 
maj^ produce loose bodies. Osteochondritis may occur in the capitellum, the head of the 
radius, and also in the supratrochlear septum. 

Pathological fractures in this region ma.v lead to loose-bod.v formation. 

4. This group includes those cases in which degeneration is the dominant feature, 
but the degenerative changes do not lead to the formation of loose bodies except in associa- 
tion with trauma. In arthritis, usuall.v h^-pertrophic, fracture of an osteophjTe maj'' 
produce a loose bod^". Avascular necrosis originates with trauma, but progresses because 
of interruption of the blood suppl.v. Traumatic ossification results from a lifting up of the 
periosteum b.v trauma, followed b.y a hematoma and the degenerative change of calcifica- 
tion. With this is associated m^vositis ossificans. Degenerative ossification, such as 
osteochondromatosis, occurs in the villi and ma^' lead to multiple loose bodies. 

OSTEOCHONDRITIS DISSECANS 

It is now proposed to present osteochondritis dissecans arising from a situation at the 
lower end of the humerus, a specific le.sion not pre\’iously described. 

The supratrochlear septum, when present, is a thin lamina of bone, separating the 
coronoid from the olecranon fo.ssa and varving in thickness from 0.5 millimeters to one 
centimeter. The relationship of the s^movial membrane to the septum is important. 
Anteriorly', the coi'onoid fossa is entire^ within the elbow joint; while posteriorly, the 
synovial reflection passes across the upper portion of the floor of the olecranon fossa, so 
that only the tower half or two thirds lies within the elbow joint. 
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According to Hirsh, (he sci)(uiu is always present until the age of seven veal's, after 
M'hich the bony plate occasionally becomes ab.s-orbed to form the supratrochlear foramen. 
This foramen is of great interest to anthroiiologists. who claim it as one of the points in 
establishing the close relationship between man and the lower animals. Hirsh quotes 
examinations by Martin which revealed the iiresence of the supratrochlear foramen in 58 
per cent, of Arkansas Indians studied, and in 21.7 per cent, of African Negroes; but showed 
the proportion to be only 4.2 per cent, in white Americans. The same authority states 
that the supratrochlear foramen is consistently more common in the female by 38 to 10 
per cent., and on the left side by 25 to 5 jier cent., depending upon the race examined. 

When the elbow is fully flexed, the coronoid process of the ulna fits into the coronoid 
fossa of the humerus, while in full extension the olecranon proce.ss impinges on the floor of 
the plccranon fossa. In the extremes of movement of this joint, there is apt to be repeated 
trauma to the sejjtum, which may lead to osteochondritis dissecans. 

Osteochondritis dissecans, first described by Koenig in 1889, is a non-infectious 
aseptic necrosis of a segment of subchondral bone, affecting principally the long bones of 
the extremities, and resulting in an osteocartilaginous sequestrum, which may lie as a free 
body in the joint. The necrosis apijeai-s to be due to interference with the vascular supply; 
trauma seems to be the chief etiological agent. The sequestrated fragment is covered 
with intact cartilage, and the subchondral necrotic bone is separated from the normal 
bone by a bloodless fibrous-tissue bed. The microscopic picture is one of necrosis with 
low-grade, productive, aseptic inflammation. Foreign-body giant cells are present. 
Roentgenographic examination is recognized as the principal method of diagnosis. 

These observations are based on six cases, of which five have been confirmed bj' 
pathological examination. As far as M'e are aAvare. these are the first published cases of 
osteochondritis dissecans in the supratrochlear septum. 

C.\SE REPORTS 

Case 1. R. J. W.. thirty-two years of age. was a carpenter before joining tlie Xa\y. Fifteen years 
ago he had first noticed a pain like a sharp stab in the right elbow, with no radiation. He had had a number 
of attacks which lasted from one day to two weeks. intervaU between attacks varied from two weeks to six 
months. The most recent attack had been in June 1943. and had lasted one week. He had been plaring 
baseball a few days before, and attributed the limitation of movement and pain to this e.xcessive use. He 
also stated that, if he used his right arm in hammering too much, trouble almost invariably followed. He 
did not seek medical treatment, as the pain gradually subsided. While duck-hunting in 1932. he had re- 
ceived a gunshot wound of the left elbow. Many of the pellets were palpable, and more were seen on the 
roentgenogram. 

Clinical examination revealed the maximum point of tenderness to be deep-seated and immediately 
above the tip of the olecranon process. The range of movement was 54 to 100 degrees on the right and 50 
to 175 degrees on the left, with full pronation and supination. 

Roentgenographic examination of both elbows showed a separate button of bone, measuring 1.5 centi- 
meters in wdth and one centimeter in height, situated in the supratrochlear septum of the right elbow 
(Fig. 2-A). The ossicle was surrounded by a narrow but complete translucent zone, and the density of the 
bone appeared unaltered. There was no evidence of fragmentation. The lateral projection showed the 
ossicle, 0.8 centimeters in diameter, and undisplaced (Fig. 2-B). The adjacent bone structures looked normal. 

The supratrochlear septum of the left elbow was perforate, producing the so-called supratrochlear 
foramen. An accessory ossicle was demonstrated just below the medial epicondyle. Numerous circular 
metallic densities, measuring three millimeters in diameter, and haidng the appearance of lead shot, were 
present throughout the soft tissue of the left elbow region. 

The diagnosis was probable osteochondritis dissecans of the supratrochlear septum of the right humerus. 

On July 12, he was admitted to the Hospital, at which time there was no localized pain in the right 
elbow. Two days later an operation was performed under local anaesthesia, the posterior approach being 
used tlrrough the tendon of the triceps. When the floor of the olecranon fossa was reached, the loose body 
could be palpated udth the examinmg finger, but could not be removed until a small incision was made into 
the capsule of the joint. A loose body, two centimeters in diameter, was found lying on the floor of the 
olecranon fossa, partly inside the capsule of the joint, and partly embedded in the humerus. This body 
was lifted out with a pair of forceps, and the woimd was closed in layers without drainage. The patient 
Was discharged from the Hospital on July 16, 1943. Two weeks later, when the stitches were removed, he 
had complete movement of the elbow joint of 5.5 to 1S5 degrees. He has continued on duty ever since 
unthout symptoms. 
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The specimen removed consisted of a white calcified body, with a rather lioneycomlied surface partially 
covered with cartilage, and measuring 20 by 15 by 7 millimeters (Fig. 1). Microscopically, the calcified 
body was composed of a central area surrounded by necrotic bone, which in turn was surrounded hy an 
irregular layer of cartilage, some of this being necrotic. There were also foci of calcification present. The 
surface was covered with hyaline cartilage and fibrous tissue, except in one area, where there was a niche 
which was surrounded by necrotic cartilage and bone (Fig. 2-C). 

The pathological diagnosis was osteochondritis dissecans. 

Roentgenographic examination of the right elbow, after removal of the described button of bone, 
revealed what appeared to be a supratrochlear foramen, quite similar to that on the opposite side. 

Case 2. E. P. M., twenty-four years of age, had been in the Navy^ for seven y^ears as a gunner, and 
was serving in two Canadian destroyers at the time of their respective sinkings. He did not remember 
incurring any injury to his elbow, although after the loss of one of the ships he had been admitted to a 
hospital in Plymouth with concussion, and abrasions of his leg. 

The first attack of pain in the right elbow, however, was in Sejitember 1939, and it began witjiout 
aggravating circumstances. This lasted one week and gradually' subsided. The estimated limitation of 
movement at that time was about 25 degrees. The second attack occurred in April 1943, and began after 
more than ordinary use. This lasted one week, during which time a roentgenogram was taken. After 
being under medical observation until September 6, 1943, he was admitted to the Hospital. 

Roentgenographic examination of both elbows revealed an irregularly oval and circumscribed button 
of bone, located in the supratrochlear septum of the right humerus (Fig. 3-A). The ossicle measured 1.5 
centimeters in width, one centimeter in height, and one centimeter in thickness. The lateral projection 
(Fig. 3-B) revealed that the ossicle had been displaced anteriorly', so that it lay in the coronoid fossa. 

The left elbow revealed a somewhat thinned supratrochlear septum. The adjacent bone structures 
and joint surfaces looked normal, and there was no evidence of any' intra-articular foreign body'. 

The tentative diagnosis was osteochondritis dissecans of the right liumerus. 

At operation, a lateral incision was made over the sujjracondy'lar ridge, and was deepened through the 
muscle layers to the anterior aspect of the supratrochlear septum, close to the bone. A loose body, com- 
pletely detached from the floor of the supratrochlear septum, was found at the upper limit of the right elbow 
joint. The normal synovial membrane was incised, and the loose body' was lifted out. No other fragments 
were visible or palpable. The synovial membrane was closed and the wound was sutured. 

The pathological picture showed the specimen (Fig. 1) to consist of a hard, whitisii body' which measured 
16 by 11 by 8 millimeters. One surface was smooth and the other surface was lioney'combed. Micro- 
scopically', the specimen was partially covered by' fibrous tissue and perichondrium, and was composed of 
hy'aline cartilage, a portion of which contained foci of calcification. Other parts were necrotic (Fig. 3-D). 



Fig. 1 

Actual size of ossicles removed from four ca.ses. The specimens are: top left, from C’ase 1 ; 
top right, from Case 2j center, from Case 6j and bottom, fi'oin Ca.se 5. 
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Tlio diagno-'is was cartilaginous loose body (osteochondritis dissecans). 

Three weeks after the operation, the wound had healed by first intention, and the patient had full 
flexion and 170 degrees of extension. When seen two weck.s- later, he was found to have regained full move- 
ment of the ellK)w joint, and was returned to full duty. He has remained well ever since. 

Roentgenographic examination of the right ell)ow after removal of the ossicle revealed a thin supra- 
tn>chlcar septum, centrally situated, which was bordered by bone of incrc.ased density (Fig. 3-C). 

C.\sE 3. L. L.. twenty-one years of age, in May 1913, noticed pain in the left elbow which lasted two 
days. OTth limitation of movement. He had had a similar attack in Februan.', when his left elbow had 




Fig. 2-.A. Fig. 2-B 

Fjg. 2-A: Case 1. A separate ossicle arising from the supratrochlear septum of the right humerus. 
Fig. 2-B : The ossicle is undisplaced. 



Fig. 2-C 

Section of ossicle, magnified twelve times. 
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Fig. 3-d 

Microscopic section of specimen under high po\\er. 

locked, and this had lasted four days. There was no histoiy of injury. The pain did not radiate: it was 
centralized just above the olecranon process. 

E'^mination showed that he had a range of movement from 70 to 160 degrees in the left arm, while the 
range was from 50 to ISO degrees in the right arm. There was 75 per cent, of pronation and supination of 
the left forearm. His work in the Na\'y as a stoker was comparatively strenuous, and before joining the 
Xavj- he had been a laborer. The movement of the elbow is illustrated by photographs (Figs. -l-.A. and -l-B), 
taken during the second attack, and one week later, respectively. 

.Roentgenographic examination of the left elbow in the frontal projection revealed a circular button 
of bone Math normal density, bordered by a translucent zone, approximately one centimeter in depth (Fig. 
4-C). There was no displacement (Fig. 4-D). The button showed no evidence of destruction, bone 
production, or fragmentation. There was no indication of an intra-articular foreign body, and the adjacent 
bone structures and joint surfaces appeared normal. 

The right elbow revealed an extremely thin supratrochlear septum (Fig. 4-E). In other respects the 
bone structures and adjacent joint surface looked normal. 

The diagnosis was osteochondritis dissecans of the supratrochlear septum of the left humerus. 

Excision of the loose body was recommended, but has not yet been done, since the patient is now sen-ing 
at sea. 

CxsE 4. T. K., thirty years of age. liad bumped his elbon , four years preriously, on a large aluminum 
cathode used in zinc plating. The elbow was sore for one week, and roentgenograms were taken (Figs. 5-.\ 
and 5-B). In September 1942, when throwing onto his shoulder a dunnage bag. weighing about 100 pounds, 
his left elbow locked. By manipulation of the affected arm, it was unlocked. 

On Februarj' 17. 1943, an operation was performed to remove a loose bodj' in the left elbow joint. 

The diagnosis was osteochondritis of the capitellum. 

-Mter the operation, the arm was veiy painful for about a eek. Full movement n as never recovered, 
but there was no recurrence of pain or locking. 

In December 1943, while redden mg the roentgenograms of the elbow joint to determine the presence of 
osteochondritis dissecans of the supratrochlear septum previously missed, the patient's roentgenograms 
were found to be positive. 

Films were made of the left elbow in various directions. There n as no sign of recent fracture. There 
was, however, e\-idence of a loose body of bony density, measuring approximately one centimeter in its 
nddest diameter, in the region of the lateral condyle of the humerus. The articular surface of the condyle 
was irregular; the joint spacing was normal. 

The appearance was that of a healed osteochondritis with formation of a loose body (Figs. 5-C and 5-D). 
VOL XX^^^. xo. 1. J\XC.\RY 1913 
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On December 24, an operation was performed and a loose ossicle was removed from the left supra- 
trochlear fossa. Under general anaesthesia, a three-inch curved incision was made in the antecubital fossa, 
lateral to the biceps tendon, and was deepened to the elbow joint. The nerve was retracted laterally and the 
joint capsule was opened. The loose bodj" lay immediatel 3 ’^ below the incision. It was grasped with forceps 
and was easily removed. The joint capsule was closed, and the wound was sutured in layers. 

The specimen included a number of small fragments of bone and cartilage which together measured 20 
by 15 by 6 millimeters. The specimen was composed partiallj' of pieces of hjMlinc cartilage which was 
fibrillated in some areas (Fig. 5-E). Other portions of normal-appealing hj'^aline cartilage were attached to 
simple lamellar bone, the cells of which stained well. 

The pathological report showed that the specimen included (1) fiagments of an osteocartilaginous body 
and (2) normal bone from the supratrochlear septum. 

Postoperative roentgenographic examination was made of the left elbow and compared with the previous 
series. The loose bodj’’ situated in the coronoid fossa had been removed, except for a small fragment of 
calcification remaining in this region. Also a minute fragment, connected to the lateral condjde of the hu- 
merus, not previously demonstrated, was identified. The portion of thi.s condyle, previoush' described as 
the focus of the osteochondritis, had been removed. 

Six weeks later the patient had no pain, but some tenderness was piesent at the lower end of the wound. 
The range of movement was from 184 to 50 degrees on the right, and from 167 to 56 degrees on the left, with 
full pronation and supination. Slight weakness was seen in extension of the thumb and fingers, with moder- 
ate loss of ulnar deviation. This was attributed to temporaiy compression of the radial nerve by ictraction 
during the operation. He was returned to full duty' but continued to receive phj'siotherapj" and remained 
under medical observation. On March 24, 1944, he had full pronation and suinnation with flexion from 176 
to 55 degrees, while the power of the left hand was normal. 

Case 5. W. M., twentj^ years of age, had first noticed pain in the left elbow in April 1943, while working 
in a railway freight department. He found that ho could not lift a 150-pound carton because of pain in the 
right elbow, which he could not localize. Full extension or flexion of the elbow was impossible. He con- 
sulted the Medical Officer who advised bathing the affected joint in hot water. 

For the first six months in the NavJ^ the patient was driving an ambulance and had no difficultj’ because 
he did not lift weights. One month before admission, he was helping to move a heavj' lathe, when he felt a 
sharp pain in the elbow. When he stopped pushing, the pain stopped. On November 29, while carrying a 
carton of beer, he was for’ced to dr'op it, because of the pain in the left elbow. This discomfor-t lasted a week. 
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Fig. 4-A 

Case 3. The range of movement of the left elbow during an attack. 



Fig. 4-B 

Showing the range of movement one week later. 
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Clinical examination, Januaiy 5, 1944, levealed slight tenderness in the antecubital fossa in tlie upper 
inner quadrant. Movement of the left elbow was fiom 157 to 50 degrees, and of the right elbow fiom 175 to 
45 degrees. The diagnosis was osteochondritis dissecans of the suprati ochlear septum. 

Roentgenogiaphic examination was made of both elbows. A separate ossicle, lying in the coronoid 
fossa of the left elbow, measured appioximately seven millimeteis in diametei in the frontal projection, and 
three millimeters in diameter in the lateial view. This seemed to be rising from the supratrochlear septum 
of the humeius. The light elbow joint and adjacent bone structuies seemed normal. The supiatrochlear 
septum appeared to be of aveiage thickness. 

An incision was made in the antecubital fossa to the lateral side of the biceps tendon, was deepened 



Fig. 5 A Fig. 5-B 

Fig. 5-A: Case 4. Antei opostei loi view of the left elbow, showing ossicle in supiatrochlear septum. 
Fig. 5-B: Lateral pi ejection, showing ossicle in coionoid fossa. 



Fig. 5-C Fig. 5-D 

Four j'cais latei, antcioposteiior and lateial views. 
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Fig. 5-E 

Photomicrograph of specimen. 


through the bracluahs muscle, and the joint u as exposed. The elbow v. as flexed, and the s> novial membrane, 
found to be thickened anteriorly, was incised A piece u as remo\ ed from the coronoid fossa, and a specimen 
of the floor of the fo^sa was taken for section. The wound was closed in laj ers without drainage. 

The specimen consisted of four hard, whitish bodies with smooth surfaces, the largest of u hich measured 
16 by 7 bj' 4 millimeters, and the smallest approximately 6 by 5 b\ 4 milbmeters There was also a small 
piece of soft, grajush tissue (Fig 1). Microscopicallj , the whitish bodies u ere compo=ed chieflj ofhjahne 
cartilage, throughout which were small or larger irregular areas of bone, some necrotic 

The membrane was composed of loose, fibrous, and adipose tissue, the surface of w hich w as throwTi up 
mto short, blunt nlh covered with mesothehum and infiltrated to a nuld degree by IjTnphocj tes. 

The pathological report showed (1) loose osteochondromatous bodies (probabh' secondarj osteo- 
chondntis dissecans) and (2) normal sj-novial membrane. 

A postoperative roentgenographic examination of the left elbow region demonstrated that the separate 
ossicle m the coronoid fossa of the left elbow had been remoi ed. The coronoid fossa appeared to be clear, 
with some possible roughemng at its base. 

Two weeks after the operation, the range of moi ement was 175 to 45 degrees on the right, and 165 to 45 
degrees on the left. The patient complamed of a tight feehng on hftmg the edge of a desk but had no other 
symptoms He was returned to duty and has been seen at regular intervals with no complaints. 

C\SE 6 .4 S C , nineteen j ears of age, first noticed pain in the right elbow joint m Februarj- 1943, the 

day followung a softball game The pain lasted fix e or sk daj s, and w as locahzed in front of the elbow in the 
upper, outer jiortion He also had difficultj in extending and bending the elbow, which persisted one and a 
half weeks Treatment consisted of wearing a shng one week. No roentgenogram was taken. 

On December 24, 1943, he noticed pam m the right elbow , wluch greatlj increased durmg the next three 
daj s Any hftmg made the pain worse. On December 31, while helpmg to load a ship and w hile hftmg a 
100-pound contamer, he felt a sudden pam in the nght elbow which prex ented lum from continumg his job 
He could not bend his elbow or straighten it out fully. 

Chnical examination rex-ealed tenderness in the antecubital fossa, m the upper inner quadrant The 
range of mox ement of the left elbow joint was from 60 to 162 degrees 
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Fig. 6-A Pig. 6-B 

Fig. 6-A: Case 6. Anteroposterior view of the right elbow, showing ossicle in supratrochlear 
septum and so-called bone island. 

Fig. 6-B: Lateral view, shovnng ossicle in coronoid fossa. 

A pieoperative roentgenographic examination was made of the right elbow. A separate ossicle vn' 
demonstrated in the coronoid fossa of the lower end of the humerus, which had arisen from the supratrochlear 
septum, thereby creating a supratrochlear foramen. The ossicle appeared to be lying completely free from 
the adjacent bone surfaces; it measured seven millimeters in diameter. The density of the bone bordering 
the supratrochlear foramen was somewhat increased. An island of bone was present in the medial epicon- 
dyle. No further change was apparent. The findings were those of osteochondritis dissecans with complete 
separation (Figs. 6-A and 6-B). 

Removal of the ossicle was done January 12, 1944. An incision was made lateral to the biceps tendon 
and was deepened until the joint was exposed. The elbow was slightly flexed and the sjmovial membrane 
was incised. The synovial membrane was normal, and one large ossicle was found in the coronoid fossa 
This was lifted out and the floor of the fossa was curetted. It was found to be perforated. The wound wa'? 
closed in layers without drainage. 

The specimen consisted of a hard, whitish nodule which measured 12 by 10 by 8 millimeters (Fig. !)• 
There was also a small piece of membrane. Microscopically, the specimen was composed largely of hyaline 
cartilage, containing foci of necrosis and of calcification and ossification. The surface was partially coveied 
by cellular fibrous tissue. The piece of membrane was composed of fibrovascular tissue, and one surface 
was thrown up into blunt projections, covered by a laj'-er of flattened mesothelial cells. 

The pathological report showed (1) osteochondromatous joint bodj^ (probably secondary to ostec 
chondritis), and (2) normal synovial membrane. 

Roentgenographic examination was made of the right elbow region and demonstrated that the separat 
ossicle, which was previously shown in the coronoid fossa of the lower end of the humerus, had been removed 

Two weeks later, the range of movement of the right elbow was 50 to 174 degrees. There was no pair 

On March 20, 1944, no evidence of tenderness was found and the scar was well healed. There was ful 
range of movement of from 48 to 178 degrees. After two months of full duty, the patient said the arm cli< 
not bother him when lifting, bending, or in any ordinary use. 

CLINICAL ASPECTS 

The clinical characteristics of these cases include recurrent attacks of pain in thf 
elbow joint, mth localized tenderness above the tip of the olecranon process or in th( 
upper part of the antecubital space, lateral to the biceps tendon, associated with limitatior 
of movement both in flexion and in extension. Locking occurs only when the ossich 
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becomes a loose body, and migrates into the joint. The attacks last from a daj' to a fort- 
night, and gradually subside. They are usually brought on by excessi^-e use. At opera- 
tion. the bony button can usually be lifted easily out of its bed. The choice of approach 
depends upon the position of the ossicle as revealed by the lateral roentgenogram, and may 
be cither anterior or posterior. 

The six cases all show the same lesion, Avhich has been best ob-served in the frontal 
projection of the elbow. Here is seen, depending upon the degree of separation, a sharply 
demarcated, circular or oval button of bone, which, if undisplaced, possesses normal 
density; it is located in the intra-articular portion of the supratrochlear septum. The 
lateral projection demonstrates the thickness of the ossicle, and confirms its position. 
^Hien separation takes place, partial or complete extrusion of the ossicle into the humero- 
ulnar joint may occur, either forward into the coronoid fossa, or backward into the olec- 
ranon fossa, thus producing a loose body in the joint. 

LITER.\TURE 

In the literature, six cases have been reported in which an ossicle was found in or near 
the supratrochlear septum. None of these, however, was described as osteochondritis 
dissecans. We do not wish to suggest a diagnosis for these cases, but would like to sum- 
marize them and discuss the differential diagnosis. 

In 1927, Hirsh showed roentgenograms of the right elbow in a man fiftj* years of age 
with a small round ossicle of bone in the supratrochlear foramen, which he labelled 
“sesamum cubiti ” after Pfitzner. In the same year, Grauer reported a bean-sized swelling 
in the right elbow of a male, twenty-six years of age. This he removed from the floor of 
the olecranon fossa, to which it was attached by firm-textured bands. One year later, 
Winckler. reporting in the same journal, presented two roentgenograms of the right elbow 
of a boy, fifteen years of age. At operation, a cartilaginous, bonj' ball, one centimeter in 
diameter, was removed from the floor of the olecranon fossa. Quoting Grauer and Hirsh, 
inckler called it “sesamum cubiti”. 

In 1933, Atsatt published a report of a loose body of an unusual form and location 
found in the elbow joint. He described a spherical bon}' mass, half the size of a marble, in 
the supratrochlear region, and stated that removal was simple. The following year 
Kleinberg, writing on osteochondromatosis of the elbow, described the case of a male, 
forty years of age, and presented a roentgenogram of his right elbow. This showed, 
among several loose bodies of the joint, a circumscribed shadow in the olecranon fossa. 
The patient refused operation. This is an incidental finding in a case of osteochondro- 
matosis, and is not ascribed to this condition. Burman, in 1941, presented a case of an 
“unusual body in the right elbow joint” in a male bartender, calling it “sesamum cubiti”. 
This dime-shaped piece of bone, felt beneath the triceps, intei-fered with extension of the 
elbow. A roentgenogram showed a definite round shadow in the supratrochlear septum. 

These are the six reported cases, of which four are called “sesamum cubiti”, one. a 
loose body, and one, an associated finding in a case of osteochondromatosis. 

Kohler, in conunenting on Grauer’s case, considers that, as the elbow on the other side 
was normal, this was either an accessory bone or some condition other than “sesamum 
cubiti”. It is to be noted that Pfitzner’s work on sesamoid bones and, incidentally, on 
sesamum cubiti”, was done prior to the discover}'’ of the roentgen ray. Grauer in 1927 
used the term, and since then, Hirsch, 'Winckler, and Burman have described similar cases 
and have likeuase clung to the name without the expedient of microscopic investigation. 

DISCUSSIOX 

In all of our cases which came to operation, the histological findings were those of 
osteochondritis dissecans. There is nothing to indicate that the condition is anything but 

'■oi~ xxvii. NO. 1. j\nt:.\ry 1943 


24 


H. S. MORTON AND W. E. CRVSEER 


a sequestrating lesion of the supratrochlear septum, witliout evidence of bone infection. 
The manifestations do not differ from those seen in osteochondritis dissecans in other sites. 
An accessory ossicle of the olecranon process ma}’’ be confusing in the frontal ^de\v, as it is 
projected through the superimposed supratrochlear septum or foramen. The lateral 
view should show it clearl3^ 

It is interesting to note the similaritj'' in the roentgenographic ajqjearance of the 
supratrochlear foramen and the picture after the removal of tlie ossicle of osteochondritis 
dissecans. The presence of a thin septum or foramen on the opposite side was seen in our 
cases; this precludes the development of osteochondritis dissecans, because onl.y with 
repeated minor traumata to the thick septum can the lesion occur. 

In a consideration of the relationship of osteochondritis dissecans in tin's site to the 
supratrochlear foramen, two theories present themselves. As the anthropological e.xami- 
nations have been carried out almost exclusivel}'^ on the dried sjDccimen, may it not be 
possible that a proportion of the foramina have been produced b.y osteochondritis dissecans 
and the separated ossicle has been lost? On the otlrer hand, the resolution of the septum, 
which normall}'- takes place after the age of seven ^'■cars, may not proceed according to 
plan, and thus, in conjunction with trauma, maj'' produce the separate ossicle. 

Thus we conclude that a more precise terminolog.y should be applied to loose bodies in 
the elbow joint, and that such loose bodies should be removed and suljjected to microscopic 
examination. A larger series of cases with detailed information should lielp to elucidate 
the cause of osteochondritis dissecans. 

Note: The authors are indebted to the late Dr. Gordon A. McCurd}^ pathologist at the Royal Jubilee 
Hospital, Victoria, British Columbia, for his kindness in preparing the pathological reports and slides. 

They wish to thank Dr. M. E. Krause, for permission to use the roentgenogi-ams taken in 1938 (Case 4). 

Their thanks are also duo the Photographic Department of the Royal Victoria Hospital, Montreal, and 
the Photographic Section of the Royal Canadian Narw for cooperation in preparing the illustrations. 
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EETARDATIOX OF BONE GROWTH BY A WIRE LOOP 

BY S. B. HAAS, M.D., SAX FRANCISCO, CALIFORNIA 


From tin Surgical Laboratory, Stanford Medical School, and Shrinert,’ Hospital 
for Crippled Children, San Francisco 

There are three methods available for length equalization of unequal lower extremi- 
ties. The long bones of the shorter limb may be lengthened; portions of the bones of the 
longer limb may be resected; or the bone growth of the longer extremitj' maj' be arrested 
by destroying the epiphj’seal cartilaginous plate. Each method has its advantages and 
disadvantages, varying with the indii'idual underlying anatomical and mechanical factors 
that may be present. There is no satisfactory method of stimulating bone growth. It 
has been suggested from time to time that roentgenotherapy, sympathectomy, periosteal 
stripping, and direct irritation of the epiphyseal cartilaginous plate would produce 
length increase in a bone, 
but the results of these 
methods are variable, and, 
to date, of no practical 
value. If a successful method 
of growth stimulation were 
de\'ised, it would supplant 





Fig. 1-A 

Dog 3-W.B. Showing 
wires as originally inserted. 


Fig. 1-B 

Sliowing unfastened wire loop and partial restriction of length 
groi^dh fifty-five days later. 


^ Annual Meeting of The American Orthopaedic Association, Hot Springs. Virginia, June 
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to a considerable extent our present procedures for correcting inequality in the length of 
the lower limbs. 

It was during a series of experiments, in which an endeavor v'as made to stimulate 
bone growth, that the observation was made Avhich led to the method to be described in 
this paper. It was thought that, if a constant abnormal stimulation could be applied to 
the epiphyseal plate, an increase in the activity of the cartilage cells would take place, and 
growth would increase. Venable and Stuck have shown that, if two metals of different 
potentials are inserted into the bod.y 
tissues, an electric current is gen- 
erated between them, causing heat 
and electrolysis. It was assumed 
that, if two different kinds of metal 
were inserted into or around the 
epiphyseal plate, they Avould act as 


a constant stimulator to the cells, and that growth increase would take place. Suffice it to 
sa}"^ that, in a series of experiments, Avhere A'^arious combinations of metals Avere placed 
around the epiph3’^seal plate, no additional groAA'th in length took place in the bones. 

In one of the series of stimulation experiments, a free AAure loop Avas placed around the 
epiphj^seal plate in the frontal plane. As groAvth took place and the epiphj^sis grev' 
distally, the AAure loop opened up. In comparing the tAvo extremities at the conclusion of 
the experiment, it Avas noticed that there AA’-as a loss of groAvth in the limb AAotli the AAure 
loop. This loss Avas interpreted as being due to the restraining tension of the loop, AA'hich 
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Fig. 2-A 

Dog 4-W. Sho\\ ing ii e as 01 iginally 
iilaced. 



Fig. 2-B 

Showing the opened wiie loop. The lestiaining foice of 
the wile has caused 2.5 centimeteis loss of growth. 
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Fig. S-A 

Dog 9-1. The wire has been passed through the 
plate diagonally. There is a greater loss of growth 
on the lateral side of the plate than on the other. 



Fig. 3-B 

Gross specimen, showing the discrepancy 
in length. 


had hindered normal length growth. Following this observation (that longitudinal 
gro\^'th of bone could be mechanicallj' hindered), a series of experiments was performed, 
in which a wu-e loop, passed around the epiphj'seal plate, bound the epiphj’sis to the diaph- 
ysis. This was done to confirm the previous findings and to determine whether or not the 
method had practical value. 

Before describing these experiments, a brief remew of the mechanism of length growth 
is in order. We know that there is no interetitial growth in normal growing bone. A 
small amount of growth is due to the expansion of the articular end of the epiphysis, as 
shown by Siegling in his observations on phosphoras feeding. Length growth is de- 
pendent upon an intact epiphyseal cartilaginous plate. The longitudinal columns of 
cartilage are responsible for length growth, and are the important portion of the epiphyseal 
plate. These columns of cartilage are a part of the epiphysis. The pro^•isional buds of 
cartilage and osteoid tissue expand by cell grovTh and multiplication, pushing the epiphys- 
eal cap away from the metaph 3 'sis, and thus increase the length of the bone. The foi'ce 
exerted b.v this growth in the lower extremities in the erect position must be strong, to raise 
the weight of the bodj-, as well as to overcome muscle tension. The force in recumbencj* 
would not have to be so great, and it would be expected that length growth would be 
greatest during the time the bodj' was flat, providing circulatorj' and metabolic processes 
were uniform. 

-A. few representative experiments will be described, in which operations to retard the 
longitudinal grondh of bone were performed upon dogs. Results will also be reported in 
two growing children in whom the same method of inliibition was utilized. 

Aleasurements of length in the following experiments have been taken directh’ from 
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the roentgenograms. The amount of growth from either epiphyseal plate was determined 
by measurement from a fixed point on the Avire on the diaphyseal side. Errors are minimal, 
since care Avas taken to employ the same distance from, the target to the bone, and from the 
bone to the plate, in the roentgenograms of each dog. 

Experiment S-W.B 

Method. After exposure of the distal portion of the i-adius of a growing dog, a wire was passed tranS' 
versely through the epiphysis. It was then turned proximally along the periosteum, across the epiphyseal 
cartilaginous plate, and back through the diaphysis transverselj". Tlio two ends were tlien hooked togetliei 
under tension. Thus the epiphj^sis and diaphysis Averc bound together by the wire loop Avhich passed coni' 
pletely around the plate. An additional piece of wire was placed through the epiphysis Avithin the loop 
(Figs. 1-A and 5). 

Result. Fifty-five days later, the Avire loop AA'as found unfastened and opened (Fig. 1-B). The length 
groAvth of the normal side Avas 3.5 centimeters, and that of the side operated upon 2.5 centimetei's; 1.3 centi- 
meters of groAvth had taken place from the upper end of the bone, and 1.2 centimeters from the loAA’er end, 
GroAAdh Avas not entirely stopped, but Avas impeded about 1 centimeter. The AA'ire loop impeded all gronth, 

until it became unfastened, and then im- 
peded groAvth onb’- to the extent of tlie 
force necessaiy to open the Avire. 

Experiment Ji-W 

Method. A AA'ire AA'as inserted tlnnugh 
the distal radial epiphysis of a groAA'ing 
dog, as in the preceding experiment, over 
the epiphj'senl plate, and back through 
the diaphysis. The ends AA'ere OA’^erlapped 
and left free (Figs. 2-A and 5). 

Result. At tlie end of 117 days, 
there liad been 2.2 centimeters loss of 
groAvth in the limb Avhich had been oper- 
ated upon. Figure 2-B shoAvs hoAv tlie 
AA'ire loop Avas distorted bj' the groAA'th of 
the bone. There Avas a total groAA'th of 
5.5 centimeter's in the normal limb, and 
3.3 centimeters in the limb AA'hich liad 
been operated upon; 1.9 centimeters of 
this gi'OAvth Avas from the upper plate, 
and 1.4 from the loAver plate. A consider- 
able force must have been necessar}' to 
ojren the loop of Avire. (The normal ratio 
of groAA'th of the radius is 20 per cent 
from the upper plate and 80 per cent, 
from the lower plate.) 

Experiment 9-1 

Method. A German silver AA’iie, jiut 
under 0.12 of a centimeter (three sixty- 
fourths of an inch) in diameter, va' 
passed transversely through the distal 
epiphysis of the radius of a groAving dog; 
then it AAns passed diagonalb' through tlio 
epiplyseal cartilaginous plate to emerge 
on the diaphyseal side opposite. It Avn' 
then passed transverseb" through tlic 
diaphj'sis and diagonally back througl' 
the plate to emerge on the side of the epiphysis approximately Avhere it started. The ends Avere fastened to- 
gether by tAA'isting. Thus the diaphysis Avas bound to the epiphysis through the plate by a Avire figure-of' 
eight (Fig. 5). 

Result. Taa'o hundred and eighty-three days later, there Avas 4 centimetere of groAvth on the normal side- 
The radius Avhich AA'as operated upon shoAved 2.2 centimetei's loss of groAA'th on the lateral side and 1.7 ceiih' 
meters loss on the medial (ulnar) side. The discrepancy betAveen the tAvo sides Avas due to the fact that tlic 
AA'ire broke on the lateral side, and did not pass v^ertically across the epiphysis. This alloAved more groA\'fl> 
on the lateral side, thus making an oblique joint articulation (Figs. 3-A and 3-B). 



Fig. 4 

Dog 9-B. A double loop of AA'ire has been placed about the 
loAver epiphyseal cartilaginous plate of the femur, causing 2.0 
centimeters loss of groAvth. 
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Fig. 5 

Diagrammatic representation of the procedures followed in 
e e.xperimente, 

cperiment 9-B 

Method. The method was the same as that used in 3-TV.B, 
cept that both ends of the ^\'ire were passed around the plate; 
e distal end of the femur of a growing dog was employed for 
le e,Aperiment, and the extra wire marker was omitted. 

Result. Two hundred and sixt 3 '-seven daj's later, the 
ital normal growth was 3.6 centimeters. There was 2.0 centi- 
eters loss of growth in the bone with the wire loop. The distal 

’iphj-sea! plate had not contributed much to the increase in length, as 0.9 centimeters of the 1.6 centimeters 
: gror^-th in the limb with the mre was from the proximal epiphyseal plate. There was some absorption 
5out the wire, which maj' have allowed some growth from the lower plate. 




'xperirnent 10-A 

Method. A r\-ire was passed into tire distal epiphysis of the radius of a growing dog, through the epiph.vs- 
al plate into the diaphj-sis. to emerge on the medial side of the radius; the ends were twisted together under 
ension. A second wire was placed approximate!}' parallel to the first; the ends of it were left free (Fig. 5). 

Residt. Three lumdred and two days later, the normal growth was 3.9 centimeters. There was a loss 
f 2.3 centimeters of gron-th of the wired bone. Of the total growth of 1.6 centimeters, only 0.6 of a centi- 
oeter took place from the lower end, in contrast to 1.0 centimeter from the proximal epiphyseal plate. The 
rticular end of the radius had become oblique, due to the greater restraining force on the ulnar side. The 
"'isted wre \\as broken and the ends were separated during the limited gro\\-th. 


’Experiment 10-B 

Method. A copper wire. 0.04 of a centimeter (one sixty-fourth of an inch) in diameter ( Xo. 26i, w.as passed 
ransversely through the posterior part of the distal femoral epiphx-sis of a growing dog, obliquely across the 
‘piphyseal plate, then transversely through the diaphysis near the dorsal surface. The ends of the wire were 
astened by twisting under tension (Fig. 5). 
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Fig 6-A Fig. 6-G 

Case 1 E G July 30, 1942, antero- July 12, 1944. Sho\Mng uue aftei it had bioken 
posterioi view, shoixing the vne as placed at and been lefastened 
the time of operation (Maich 27, 1942) 



Fig 6-B 

July 30, 1942. Lateial view. 


ResiiK. Tivo hundred and eighty-seven days later 
theie ivas only 0.7 of a centimetei loss of giowth. 0i 
examining the gioss specimen, the iviie was found t( 
be on the dorsal surface of the bone. Since it had beer 
passed thiough the diaphysis neai the doisal suiface, i 
had pulled out, as growth took place, and thus had ev 
eited vei3'' little lestiaining foice. 

Expeiimenl 11~A 

Method A wiie was passed thiough the peiiosteun' 
of the epiphj'sis and duected veiticallj", so as to lie beneatli 
the periosteum of this portion of the bone, the perichon’ 
diiiim of the plate and the periosteum of the diaphysi 
thiough which it emeiged a little above the plate Tlif 
ends were fastened together under tension (Fig. 5). 

Rcstdt. Three hundred and one days later, then 
was no loss of growth. This shows that the operative 
appioach to the plate did not distuib giowth, and thet 


there was little restiainmg foice when the wiie did not bind the epiphj’sis to the diaphj’sis. 
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TABLE II 

Growth op Femur in S. B. 


i 

Date 

Normal Femur 
{Centimeters) 

Short Femur 
{Centimeters) 

Difference 

{Centimeters) 

March 30, 1942 

37.8 

34.6 

3.2 

April 1, 1942 (operation) 

April 15', 1943 

39.1 

35.9 

3 2 

September 30, 1943 (wire found broken) 

40.3 

36.8 


October 8, 1943 (wire refastened) 

May 11, 1944 

40.6 

37.8 

2 8 


j 

Total growth 

2. S'* 

3.2 





* Growth from wire to femoral head was almost 1.6 centimeters; growth from wire to lower articular 
surface was 1.2 centimeters. 


electrolytic reaction. There was no evidence of any defect in the wire, and it is hardly 
likely that there could be sufficient stress produced by the e.xpanding force of a growing 
plate to cause the wire to break. It is possible that there was an electrolytic reaction 
which weakened the wire by corrosion and oxidation. It is known that electrolytic reac- 
tion is set up in metal at a bend. This is a possibility in the case under discussion. 

Case 2. S. B., male, aged ten years, had had poliomyelitis at the age of four and a half years. The left 
lower extremity was about 6.7 centimeters (two and five-eighths inches) shorter than the right. 

On April 1, 1942, a wire loop was passed around the epiphyseal cartilaginous plate in the frontal plane. 
On September 30, 1943, a roentgenogram showed that the loop of wire had broken. On October 8, 1943, the 
ends were again connected with a piece of wire (Table II). 

The measurements show that the two femora have grown about the same amount. In checking the 
results, it is noticed that the growth from the wire to the head of the femur is almost 1.6 centimeters; there- 
fore, it would be anticipated that the growth would have been at least 3.6 centimeters from the lower epi- 
physeal plate. There has been only 1.3 centimeters contributed by the lower epiphyseal plate. Therefore, 
in spite of the fact that the wire had broken, there has been a considerable inhibition of growth. The total 
measurement of the two extremities is now almost equal in length, because of an additional lengthening 
operation on the tibia and fibula on the affected side. With an anticipated continued increase in length of 
the normal extremity, it seems advisable not to remove the wire, so that the growth discrepancies will not be 
too great at the termination of the growing period. The fact that growth took place after the wire broke, 
again shows that the restraining loop only temporarily inhibits growth, and does not destroy the normal 
power of proliferation of the plate. 

SUMMARY OF RESULTS IN PATIENTS 

In only two of the five patients upon Avhom wiring operations have been performed, 
has a sufficient time elapsed to draAV any conclusions. 

Because growth is relatively slow in man, determination of the practicability of the 
method of wiring the epiphyseal plate described herein must await the results obtained 
after a long period of time. 

From the results obtained thus far on patients, there is definite evidence of growth 
retardation, and a continuation of the method seems warranted. The epiphyseal plate 
maintained its length-growing function, after being held in check by the wire for a consid- 
erable period of time. This is shown by the fact that following the breaking of the wire, 
which had been in place for a year, growth increased. 

DISCUSSION 

The methods of anticipating length of growth are, at best, speculative, because there 
are a number of factors that may change the rate and amount of growth. Although there 
are guiding tables of averages, the rate of abnormal groAvth cannot be calculated. 
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If growth cau be controlled by alternately releasing and tying the wire loops, growth 
etardation may be instituted at a much earlier period, because, unlike resection of the 
piphyseal plate which is permanent, the retardation is present only while the wire loop 
3 in place. A metal band may give a wider surface of contact, and a removal band could 
)e attached to the ends for controlling the fixation. 

The wire around the plate did not produce any deformity, except when unilateral 
orce was applied. Taking advantage of unilateral restriction, one may correct deformity 
ollowing partial injury with arrest of growth on one side of the plate, by wiring the oppo- 
lite side. It is also possible that such a corrective procedure could be applied in case of 
jenu valgum or genu varum, b}’’ putting the Avire around one side of the plate. 

CONCLUSIONS 

A wire encircling the epiphyseal cartilaginous plate in the frontal plane Avill stop 
ength groAvth from that plate. 

Growth may be controlled by a wire loop, bj"^ alternately stopping and allowing normal 
growth as the loop is tied or untied. 

Length-growth equalization may be started at an earlier age. 

Unilateral growth may be counteracted by a wire loop around the plate on the side of 
overgrowth. 

The operation should not be performed until sufficient ossification of the epiphysis 
bas taken place, — that is, after about eight years of age. 

DISCUSSION 

Dr. John Royal Moore, Philadelphia, Pennsylvania; I wish to congratulate Dr. Haas on his 
ariginal contribution. Growtli arrest through epiphysiodesis has become a well-known and useful procedure 
.n the equalization of extremity length. The principal difficulty is estimating the prospective length of the 
two extremities, or comparable bone involved. Dr. Haas has proposed a method by which we can arrest 
temporarily the growth of the more rapidly growing bone, then release it and have a resumption of growth. 
The illustrative cases are few, but very convincing. Temporary arrest until equalization has taken place 
would seem to be of very practical value. 

Dr. J. Warren White, Greenville, South Carolina: I also want to congratulate Dr. Haas on this 
unique idea. There is a question in ray mind, however, as to whether this delicate, highly differentiated 
tissue can stand the treir .ndous pressure which must be put on it to bring about the arrest of growth, and 
then start growing again after the pressure is released. That will be brought out in due course of time. 

In the ten years prior to January 1, 1943, at the Shriners’ Hospital in Greenville, 202 epiphysiodeses on 
148 patients have been done. I became mildly interested in the procedure as a supplement to the shortening 
operation I had been doing for the previous five years. It has been a most interesting project. 

One reason for my interest was the fact that, in fast-growing children. 25 to 50 per cent, of our gain in 
equalization was lost during the subsequent year or two after the shortening procedure. This I felt to be due 
to the growth stimulation of all the epiphyses of the very leg we wished to shorten. 

In this group of “arrest cases”, as I like to call them for short, eighteen femoral shortenings were done 
largely as supplementary measures. These, e.xcept for three performed in 1942, were all done in the first 
five years, thus showing that this procedure has been largely outmoded, except for adults or those children 
seen late in their growth period. 

By and large, we have been well satisfied with our results. In our entire series, there have been few 
unfortunate developments, and most of these have resulted from overenthusiasm in doing multiple arrests 
early in the game. These required nine compensatory operations on the “short” side. 

While we regret that these overcorrections have occurred, it shows that we have been attackmg the 
problem aggressively, and you may be sure these particular cases have been carefully reviewed and will be 
reported. 

This series of cases has added tremendously to the interest in the work of our end-result clinics, and in 
only ten or a dozen cases have we been unsuccessful in our follow-up. 

Although we admit its immediate inaccuracy, we liave employed exclusively what we call leg-length 
roentgenograms to record our discrepancies. The technique of this has been published, and has been found 
to be of much practical value. For several months a number of years ago, we took two e.xposures, and found 
that rarely did an error of more than 0.3 of a centimeter occur. It is so satisfactory, when revieiring a series 
of cases, to have tangible data to refer to, rather than records of tapeline measurements. We have averaged 

VOL. XXVII, NO. I, JANUARY 1915 



34 


DISCUSSION 


well over six leg-length roentgenograms per patient, making well over 1,000 films in this seiies of 150 cases. 
This adds somewhat to the expense of the care of these patients, but we have felt that it is well worth it, and 
that, in this problem, accuracy in the recording of length discrepancies is of paramount importance. The 
error that exists in this method carries through the entire series, and tends to cancel itself. 

The annual decrement in the discrepancies resulting from arresting growth at the distal end of the femur, 
preliminary report of which has been published,* is still holding good, and, regardless of the size or age of the 
individual during the growth period, we figure on 0.9 of a centimeter; at the proximal tibia and fibula we 
figure on 0.6 of a centimeter. Only two arrests have been performed at the distal tibia and fibula; but from 
these the annual decrement is considered to be 0.6 of a centimeter. 

This means that the annual decrement is really less than the 0.9 and 0.6 of a centimeter mentioned, but 
as all figuring is based on the leg-length roentgenograms, this error also is cancelled. 

In our calculations we have figured that girls grow until seventeen years of age and boys until eighteen, 
a point which explains our rather large number of overcorrections. Hereafter, we shall calculate that growth 
stops one year earlier. 

In our series, the causes of the discrepancies were as follows; poliomyelitis, eighty-five, or 57 per cent.: 
congenital deformities including club-foot and arthrogryposis, 17 per cent.; osteomyelitis, 12 per cent.; and 
ankylosed hips from septic arthritis or tuberculosis, 12 per cent. As compensatory tilting of the pelvis in 
this latter group is impossible, much more accuracy is necessary in equalizing limb length, and over half of 
our compensatory arrests were done for the final refinement in those cases. 

In no instance in these ten years have we had to correct varus or valgus deformities following the use of 
this technique, and in only two instances have deformities been noted. In one patient with arthrogryposis, 
who is now only thirteen years of age, deformity recently occurred; this will probably have to be corrected. 
We are not sure that our operation has caused the deformity. In another, deformity has resulted from a 
definite error in technique, but it did not show up until the boy had reached his full growth, and was not 
severe enough to require an osteotomy. 

A great many orthopaedic surgeons have been hesitant about embarking on this problem, as most of 
the papers discussing it have, in my opinion, stressed too much the need of extreme accuracy in calculations. 
There are so many other variable factors in bone growth, over which we have no control, that I feel we are 
likely “to miss seeing the woods for the trees”. 

I would like to suggest that our Committee on Scientific Research establish a subcommittee on this 
discrepancy problem, as much needs to be done in working out a practical plan that can be followed easily 
by those whose chief interest is not in this particular problem. 

Dr. Dallas B. Phemister, Chicago, Illinois: My experience with the growth-arrest operation for 
leg equalization has been similar to that of Dr. Wilson, — iiamelj', that the surgeon usually errs on the side 
of conservatism, and, when the ultimate result is obtained, the limb in which growth was arrested is either of 
approximately the same length as the opposite one, or it is somewhat longer. Consequently, I believe that 
the fear of producing too much growth arrest, which is the greatest factor in caiL-mg surgeons to desist from 
doing the operation, is not justified by experience. Dr. AVhite’s report is the onl^ one I know of in which 
several patients obtained too much growth arrest. I have had only one case in which there was failure of 
growth arrest on one side of the epipliysis, resulting in angulation of the limb. The condition was recognized 
early, and this side was fused by a second operation. If one follows the patient caiefully, the failure of 
growth arrest on one side may be detected early, and a second operation may be performed. Consequently, 
the occasional occurrence of this complication should be no bar to the use of the operation. 

Dr. Haas’s work is evidence that he still possesses the power of original observation which has alwaj's 
characterized his publications. I would not be surprised, if much practical use is made of this procedure, 
both for length equalization and for the correction of the deformity produced by incomplete growth arrest. 

Angulation of an extremity, from destruction of part of an epiphyseal cartilaginous plate by osteomyelitis 
or traumatic separation of the epiphysis, is a not uncommon condition which may be avoided, if the patient is 
carefully observed and an early growth-arrest operation is performed on the remaining open portion of the 
cartilaginous plate. It is an important use of the operation, and many serious deformities maj^ thus be 
avoided. 

Lieutenant Gerald G. Gill, Chickasha, Oklahoma: Dr. Haas is to be congratulated upon his 
finding of a method of temporarily retarding epiphyseal growth. This method may have a wide range of 
usefulness. However, two questions immediately present themselves and will undoubtedly be answered by 
Dr. Haas in due time. First, is the rate of growth normal after the removal of the wire which has retarded 
growth? Second, does the epiphyseal center thus retarded continue to grow as long as the normal center or 
does premature closure occur? 

Dr. Wilson’s paper very completely presents the difficulties which have beset those using epiphyseal 

* WTiite, J. W., and Warner, W. P., Jr. : Experience with Metaphyseal Growth Arrests. Southern Med. 
J., XXXI, 411. 193S. 
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arrest for the equalization of tlic length of the limbs in children. The errors in equaUzation found by Dr. 
Wilson, usually on the side of insullicient growth retardation, have been the e.xperience of many surgeons. 
On the other hand, in a few instances, as poitited out by Dr. White, too much growth retardation has 
resulted. 

In my opinion, these errors in iJiediction are, for the most part, caused by differences in se.xual and 
skeletal maturation in children of a given age. In other words, children of the same chronological age often 
differ widely in their skeletal or se.xual maturit}'. These variations may be determined by the assessment of 
the bone age by the methoil of 'I’odd. It is my belief that these errors in etiualization may be decreased, if, 
in each case, bone-age determinations are made. 

Our knowledge of the growth of childien is still very incomplete, and we should take every opportunity 
to gather exact data to complete our knowledge. For this reason, I believe that, in each case, metallic 
markers should be implanted in each bone, and that measurements should be made by roentgenographic 
methods, preferably scanography, so that the growth from each epiphyseal center may be measured. It 
follows that an accumulation of such data will inciease our knowledge of the growth process, and will enable 
us to perfect our methods of prediction of growth. Only in this way will the use of epiphyseal arrest be 
placed upon a firmer footing. 


Dn. S. L. H.x.xs, S.x.'.’ Fkan'cisco, Califor-nua: It is believed that the growth in length is suppressed, 
but not permanently destroyed by the wire loop around the epiphyseal plate. If the roentgenograms, show- 
ing the wire loop intact for one and a 
half years, are compared with the two 
subsequent plates taken at intervals 
after the wire loop had broken, the 
widening of the loop and separation of 
the broken ends are seen. This is 
considered as sufficient evidence that 
the growth property of the plate was 
only temporarily inhibited while the 
wire was intact. 

It is recommended that retarda- 
tion by the wire loop be not attempted 
on a child under the age of eight years, 
because before this age the epiphyses 
consist of too much cartilage, and 
this may allow the wire to cut through 
and so permit growth to proceed. 

All growth measurements are 
made on roentgenograms taken at a 
five-foot target distance. 

Libutenaxt Colonel T. C. 

Thoxipson, Washington, D. C.: 

I have nothing to add, except that it 
seems our results are not so good as 
Dr. White’s or Dr. Phemister’s. We 
have no apology to make for our fail- 
ures, except that the operations were 
done by a number of surgeons in a big 
teaching institution. Many a ere 
done by house officers under the di- 
rection of the attending men, so that 
the operative procedure may not have 
been as technically accurate as it 
should have been. 



Dr. Haas is to be congratulated 
in getting arrest of growth without 
deformity in small animals. 

Colonel R. I. Harris, To- 
ronto, Ontario, Canada: Dr. Haas 
has made the statement tliat among 
the metho ds which have been advanced 


Fig. A 

D. F., aged twelve years in 
1930, had had poliomj'elitis sev- 
eral years earlier. Her left 
low er extremity was 4.25 centi- 
meters (1 % inches) shorter than 
the right. A left lumbar sym- 
pathectomy was performed Xo- 
vember 24, 1930. 


Fig. B 

In 1937, when she was nine- 
teen years of age, the left limb 
was 0.6 of a centimeter (M of an 
inch) shorter tlian the right. 
Most of the rapid growth, whicli 
resulted in the decrease in the 
discrepancy, occurred in the 
first three years after operation. 
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DISCUSSION 


to produce equalization of limb length, lumbar sympathectomy is impractical, since the increase in limb 
length is uncertain and insignificant in amount. This is scarcely a fair assessment of the value of the pro- 
cedure. It is our experience, based upon several hundred operations, that, when by lumbar sympathectomy 
the full vasodilator effect is secured and is maintained, enhancement in the rate of growth of the extremity 
always occurs. It is true that a wide variety of factors may act to impair the perfection of the result, but, 
under favorable circumstances, cessation of the progressive shortening can be counted upon, and, not infre- 
quently, the shortness is overcome. The greatest gain which I have accomplished is 3.75 centimeters, as is 
shown in the accompanying illustrations (Figs. A and B). [See article by R. I. Harris and J. L. McDonald: 
The Effect of Lumbar Sympathectomy upon the Growth of Legs Paralyzed by Anterior Poliomyelitis. 
J. Bone and Joint Surg., XVIII, 35, Jan. 1936.] 

J. L. McDonald, M.B., Tobontq, Ontario, Canada: I am disappointed that Dr. Haas should dis- 
miss the value of lumbar sympathectomy in patients with a short lower extremity — particularly with a short 
limb resulting from infantile paralysis — without further discussion. 

Since the first lumbar sympathetic ramisection was performed by Colonel R. I. Harris at the Hospital 
for Sick Children, Toronto, in 1928, it has been repeated in over 400 cases, over 80 per cent, of these being in 
patients with a short limb resulting from infantile paralysis. In the first few cases, a lumbar sympathetic 
ramisection was performed, but during the past fourteen years all patients have had the sympathetic trunk 
and ganglia completely removed from the level of the second lumbar downward. We have found in these 
cases that the effect following sympathectomy has been sufficiently encouraging to continue the operation 
as a routine procedure in all patients showing a beginning difference in the length of the extremities following 
infantile paralysis. It is our practice to measure the length of the limbs in patients recovering from infantile 
paralysis, who have leg involvement, at frequent intervals; and, as soon as there is any evidence of difference 
in length, we carry out a lumbar sympathectomy on the affected side. 

It is interesting to note that, following the 1937 epidemic of anterior poliomyelitis, the largest ever re- 
corded in the Province of Ontario, we have had a relatively small number of patients showing shortening of 
the lower extremity. This again demonstrates that there are manj^ factors involved in the etiology of the 
short limb besides disturbance of circulation. 

Note: The paper on “Equalization of Leg Length with Comparison of the Results of Epiphysiodesis and 
Femoral Shortening” by Dr. Philip D. Wilson and Lieutenant Colonel T. Campbell Thompson, presented at 
the same session, has not yet been published. 
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CONCENTRIC ARTHRODESIS OF THE ANKLE JOINT 
A Transmalleolar Approach * 

BY ROGER ANDERSON, M.D., F.A.C.S., SEATTLE, -WASHINGTON 

Operations for fusion of the ankle joint are indicated for serious infections, flail joints, 
and especially traumatic arthritis. The joint sequelae of ankle fractures are frequently 
caused by incomplete reduction, but persistent ankle symptoms occasionally follow a per- 
fectly reduced fracture. War injuries will further increase the number of cases of trau- 
matic arthritis. Loss of cartilage or bone from compound fractures is prevalent among 
paratroopers and men in other branches of the Service, where the traumatic force is apt 
to be direct and explosive. 

Since the disabling symptoms of traumatic arthritis can be eradicated by successful 
fusion, the importance of arthrodesis is apparent. The author believes that present-day 
procedures for arthrodesis leave much to be desired technically, and in the results obtained. 
First, there is the difficulty in visualizing and gaining working access to all compartments 
of the joint. Then, an even resection of the cartilage and subchondral bone from the 
entire joint, including the posterior portions, through the commonly advocated anterior 
approach, has its perplexing anatomical restrictions. It is exasperating to attempt 
through this approach, to resect the exact amount of bone for the desired degree of 
equinus, especially in procedures that call for a buttressing bone graft. To resect the 
convex talus and the concave tibia mth an osteotome sufficiently to get full apposition 
caUs.for resection of unequal thicknesses of the subchondral plate. Then, if postoperative 
roentgenograms reveal improper angulation or poor contact, the bone graft hinders 
correction. Furthermore, the accepted anterior approach does not lend itself to the safe 
treatment of discharging suppurative lesions of the ankle joint. 

Another cause of poor results, and an important one, is unsatisfactory immobilization. 
A circular cast, even though it extends to the upper thigh, mil not absolutely immobilize 
the ankle in an ambulatory patient. As the swelling recedes and atrophy occurs, the cast 
becomes loose; and, as the crutch-ambulatory patient raises his foot off the floor, gra-vuty 
continues to pull downward on the cast. Since a loose cast rests chiefly on the dorsum of 
the foot, a separation at the ankle joint occui's. Then, as the patient rests his foot on the 
floor, the ankle joint is forced together. Such alternate contact and separation is not 
conducive to bony ankylosis. 


TRANSiMALLEOLAB APPROACH 

By the transmalleolar approach, the ankle joint can be easily resected, and the pitfalls 
of accepted methods may be avoided. The basis of this method is a bilateral approach to 
the ankle joint by subperiosteal resection of the malleoli. Once the malleoli have been 
removed, the entire tibiotalar articulation is accessible to the surgeon. Incomplete con- 
tact resulting from impingement of the malleolar tips is eliminated by resection of these 
structures. 


CONCENTRIC ARTHRODESIS 

The second step in the procedure is equally important and has been made possible by 
the bimalleolar approach. It consists in resection of cartilage and subchondral dense bone 
in such a manner that the resulting cancellous bone surfaces are concentric. Such resec- 
tion can be conveniently effected by means of a special curved osteotome (Fig. 2). 

‘Demonstrated at the Scientific Exhibit, The American Academy of Orthopaedic Surgeons, Chicago 
lUmois, January 22 to 26, lOJt. 


VOL. XXVII, XO. 1, JAXUARY 1945 


3T 



38 


ROGER ANDERSON 



Through a medial skin incision, the 
medial malleolus is subperiosteally re- 
sected. The malleolus may be dis- 
carded or may be cut up into small 
pieces and later used as grafts. 




Fig. 1-B 

Through a lateral incision, the lateral 
malleolus is also subperiosteally re- 
sected. If indicated, this malleolus 
may be likewise utilized. 



Fig. 1-C Fig. 1-D 

Fig. 1-C: The resected ankle exposed. 

Fig. 1-D : Since the curve of the contacting surfaces corresponds to that of the 
ankle joint, contact is complete, regardless of the degree of equinus. 

Fig. 2; Thin osteotome, the curve of which con'esponds to the arc of the ankle 
joint. The two widths are illustrated in the fore view. The curve of the osteotome 
corresponds to the arc of a circle which has a diameter of 3.8 centimeters ( 1}4 
inches). 




Fig. 2 


The concentrically resected joint permits maximum contact between the tibia and 
talus, regardless of the degree of equinus. If the postoperative position is not satisfactory, 
the foot can be placed in the exact amount of equinus desired, without loss of bony contact. 

J. R. Moore has suggested to the author that additional stability can be gained by 
fusing the distal fibula tc the tibia. 


SUPPURATIVE ARTHRITIS 

This method lends itself admirably to the treatment of suppurative arthritis. The 
approaches by resection of the malleoli provide excellent drainage channels. The tech- 
nique has been successfully used for acute infections and for chronic cases where there has 
been extensive destruction of cartilage and adjacent bone, with abscess formation and 
profuse discharge. 

In badly infected cases, in which discharge persists following the operation, the con 
centric resection may not result in bony union. However, this procedure provides a saf 
means of obtaining early closure of the compound wound, and usually the fibrous unioi 
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FIG.3-A Fi«-3-C 

Fig. 3-.\: Illustrates the reh\tionshi[) at the ankle joint before resection. 

Fig 3-B- Subperiosteal resection of the malleoli produces an apparent broadening of the ankle. 

Fie’ 3-c’ The bases of the malleoli are reshaped, as illustrated. E.ycess bone may be placed aroi^d 
the ankle ioint in ^e form of small grafts. Prominence of the anterior and posterior margins of the 
tibia mS-Csimilarly treated.. Through the lateral incision, synostosis is produced on the anterior 
side between the fibula and tibia. 



Anterior 

tibial 

artery 


Peroneal 

tendon 



Deep peroneal 
nerve 


,Tlbial nerve and 
posterior tibial 
vessels 


Fig. 5 

Depicts the anatomical feasibility of placing the trans- 
fixion pin through the tibia. 


Fig. 4 

Illustrates the site for the single trans- 
fixion pin used in the routine technique. 
The pin should be placed just superior 
to the incision. 


Fig. 6 

The castless method of immobilization is 
accomplished through the placenient of two 
transfixion pins (or Kirschner wires) m the 
tibia, one through the os calcis, and one through 
the talus, in conjunction with medial and lateral 
fixation rods. While there are several advan- 
tages to the castless method, unfortunately the 
tarsal bones are so cancellous and relatively 
narrow that they do not tolerate transfixion pins 
as well as the long bones. 



that results is sufficient to give a pain-free and usable ankle. If symptoms should peisist, 
a second concentric arthrodesis may be resorted to. 

Wlren it is obvious from the outset that amputation or an arthrodesis is inevitable, 
because of actual loss of bone or extensive trauma to the cartilage of the \\ eight-beaiing 
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Illustrating the location of the 
transfixion pins for castless immo- 
bilization. 


dLoreai a-fSiet* 

aytLeif*iot* 'tibia. 'teriiorv 


po‘^et*\ot* tibiai. 

teriA-oA 


plantar 

UG-ssel-o «v ncrue'D 

YY\s<L\a\ ‘bvi.t*'*ja.c€. 



Fig. 7-B 

The line b-b denotes the level at which the cross sec- 
tions, shown in Figs. 7-C and 7-D, were made. 

cLopsal ‘bap'Vace ■ , . . , 

e-x'ten'bor di<^itor*am 

lon^uA tendlon'^ 
ialu.'b 

peroneal tentons 

O'?) calcis 



'tra.n'b'fi-ji.iorv 


plantar sartace 

Fig. 7-C 

Cross section of the foot made at level b-b. Shows the placement of the os calcis trans- 
fixion pin. 


surfaces, or 'when the loss of soft tissues prevents closure of the Avound, and infection is 
probable because of the soft-tissue damage, the joint should be arthrodesed immediately 
by the technique here described, except that the incisions, lengthened if necessary, may 
be left Avide open. 

OPERATIVE TECHNIQUE 

1. A longitudinal incision is made over the medial malleolus AA^hich is then resected 
subperiosteall 3 ^ The cartilage and subchondral bone of the talus and the tibia are 
remoA^ed AA-ith a cui'A^ed osteotome. 

2. The lateral incision is made as illustrated in Figure 1-B, and the external malleolus 
is resected subperiosteally. 

3. The removal of the remaining cartilage and subchondral bone of the talus and the 
tibia is then completed. 
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Fiq 7-D 

Shows tlie tiansfixion pin through the talus 


In resecting the joint, the osteotome should be held parallel to the tibial or talar 
articular surface. Caie should be taken that all the dense subchondial bone is removed, 
since union is quicker and surer with cancellous-bone contact. Furthei more, by selecting 
the angle at which the osteotome is held, correction of a varus or valgus deformity can be 



Fig. 8 


Mr. B. H., depicting method of eastless immobilization An ehistie cotton bandage w os w rapped 
aiound the leg before the fractuie units weic applied 
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Fig. 9-A 

Mrs. M. W. had been injured one year before the first e.xaniination. Even with her weight of nearly 
200 pounds, she had been trying to walk. Arthrodesis was performed September 1, 1942. 


Fig. 9-B 

Final roentgenograms taken on February 3, 1944, nearly a year and a half later. Because of her 
weight, the ankle had been placed in slight valgas. (The author’s clinical e.xperience has shown that 
heavy patients with small feet do better, if the ankle is fixed in slight valgus.) 
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Fig. 10-A 

Mrs. R. G., February 12, 1943. .4. fracture two months before had been treated with adhesive strap 
ping, and the patient had been on crutches most of the time since. The symptoms were out of proper 
tion to roentgenographic findings. 


Fig. 10-B 

May 4, 1944, fourteen months after operation. Xote the formation of the new external malleolu 
At this time, the patient walked without a limp. 
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Fig. 11- a 

Mr. K. P., September G, 1943, a month after the accident. He had been treated elsewheie for the 
extensive, compound fracture-dislocation of the ankle, severance of the tendons, and very deep soft- 
tissue^ injury, with large third-degree gasoline burns. When ho was leferred to us, theie was marked 
infection, and the reduction could not be maintained. 

The joint was resected through the large, open, compound wound on the medial side, and several 
inches of the flexor hallucis longus, flexor digitorum longus, and posterior tibial tendon was resected. 
The lateral incision was left open, so as to supply through-and-through drainage. The wounds healed, 
in spite of a large area (several inches in diameter) of persistent skin defect. 



Fig. 11-B 


Match 22, 1944, six months later. As occasionally happens, when theie is an active infection, the 
roentgenograms reveal onl}" fibrous fusion. However, clinically, there is union. Although it is desira- 
ble to fuse the ankle in a position of slight valgus, there is a little too much valgus in this case. This 
w ill be corrected when a subtalar fusion is performed after the paticnth as recoveied from a skin-grafting 
operation on the medial side of the leg, which was peifoimed May 3, 1944. 
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Fig. 12-A 


Fig. 12-B 



Fig. 12-C 


Fig. 12-A: Mrs. A. B., aged fifty-foui' 3'ears, sustained a compound fracture-dislocation. A good 
reduction had been obtained elsewhere on June 28, 1942, but the cast had failed to hold the fragments. 
On first e.xamination (July 8, 1942), there was dislocation and a large amount of discharge. 

Roentgenogram taken on August 15, 1942, revealed soft-tissue swelling and osteomyelitis of the 
malleoli, talus, and a large portion of the tibia. The fibula had not united and showed no evidence of 
callus formation. An operation was performed on August 20, 1942, in the presence of a profuselj' dis- 
charging wound and interosseous abscess formation. 

Fig. 12-B: Lateral view following operation. There was so much infection and involvement of the 
soft tissues around the ankle that the transfixion pin anchoring the cast was inserted through tlie 
superior tibia. The necessitj' of resecting so much infected bone resulted in some shortening, and a 
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(Fig. 12-B continued) 

greater degree of equinus than illustrated is called for. The desired equinus Wiis subsequently ob- 
tained, as shown in Fig. 12-G'. 

Fig. 12-G; April 10, 1944, nearly twenty months after operation. In spite of the open and grossly 
infected ankle joint at the time of operation, bony ankylosis has resulted; the fibula has now united; and 
the wounds have remained healed for nearly a year. 



Fig. 13-A 

Mr. S. A., May 12, 1943, nearly two years after injury. The patient had sustained an e.\tensive 
fracture, which had been satisfactorily reduced elsewhere. However, symptoms developed, and his 
doctor performed an arthrodesis through the usual anterior approach. The roentgenograms reveal 
that fusion did not result. 

readily achieved. Before closure, a close study must be made to be sure that there is no 
varus or valgus angulation as the talus contacts the tibia. 

4. Through the lateral incision, the adjacent surfaces of the tibia and fibula are 
exposed anteriorly, and are denuded by removing intervening tissue; the resulting space is 
filled with bone chips obtained from' the shafts, so that synostosis will result. 

5. The remaining portion of the base of each malleolus is rounded. To stimulate 
eai’ly osteogenesis, little flaps of bone may be raised with a small osteotome from the con- 
tiguous surfaces of both tibia and talus. Contact and position are checked and altered as 
requii’ed. The resected malleoli may be cut into small pieces and placed as reinforcing 
grafts. 

6. A fifteen-centimeter (6-inch) Steinmann pin, 0.3 of a centimeter (3^ of an inch) 
in diameter (or Kirschner wire with tautener), is placed through the distal tibia at a level 
approximately five centimeters superior to the ankle joint. Small dry dressings are 
applied over the pin, and narrow, sterile sheet wadding is used to hold the dressings. A 
lock nut is attached to each end of the pin to facilitate firmer incorporation in the cast. 

7. The cast is applied from toes to below the knee, incorporating the pin. 

IMMOBILIZATION 

By either the cast or castless techniques, such complete immobilization of the ankle 
joint is supplied that patients without compound fractures may be crutch-ambulatory. 


THE JOURNAL OF BONE AND JOINT SURGEllV 



CONCKNTIUC AllTHRODrSIS Of THE ANKLE JOINT 


47 



Fig. 13-B 

June 21, 1943. xVrthiodesis by the method described was performed on May 22, 1943. The castless 
techmque was employed, with a plaster bandage over the fixation rods to hold the dressings in place. 



Fig. 13-C 


March 31, 1944, ten months after operation Roentgenographically there does not appear to be a 
solid bony union. The patient was complaining of pain m the subtalar joint, and on May 24. 1944, 
this joint was resected and fused. The ankle joint was exposed through the same incision, and it was 
found that union was solid between the talus and the tibia There w as shght motion at the tibiofibular 
junction which had not been surgically fused previouslxx It was fused at the second operation. 
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Plaster fixation calls for insertion of one transfixion pin, either through the distal 
tibia just above the incision or through the superior tibia. The circular cast extend 
from below the knee to the toes, and in it the pin is incorporated. As the cast is bein 
applied, pressure is uniformly exerted on the sole of the foot, and the convex talus is pressei 
into the concave tibia for maximum apposition. Immediately after the plaster sets 
roentgenograms will indicate any needed correction, which may be made at once, or if th 
position is fair, may be postponed until the stitches are removed. 

Castless imniohilization is obtained by placing two transfixion pins (or Kirschner wires 
through the distal tibia, one through the os calcis, and one through the neck of the talus 
The four pins are then connected with fixation rods, while the talus is being forced int 
contact with the tibia. The talus and other tarsal bones do not tolerate transfixion pin 
well, especially if they are not firmly fixed or if there is some loss of bone salts from dis 
use. Therefore, this is not advocated as a routine procedure; when it is used, it may b 
advisable to use some plaster or plastic bandages as additional reinforcement. 

The transfixion pins should be placed exactly as indicated, but, if the skin in th 
region of the ankle is scarred or unhealthy, or if a sinus is still present, the tibial trans 
fixion pin may be placed through the superior tibia. 

COMMENTS 

The skin incisions should be placed as illustrated, so as not to interfere with th 
subsequent placement of the transfixion pins. 

All efforts should be made to keep the foot in 5 to 8 degrees equinus and in sligh 
valgus. If postoperative roentgenograms reveal loss of apposition, correction can bi 
secured by removing a thin transverse section of the cast at the level of the ankle anc 
forcing the bones together. 

Early ambulation, with active knee and toe motions, is of paramount importance 
since prolonged immobilization invites phlebitis, muscle and bone atrophy, and diminishec 
blood supply. 

In growing children, the transmalleolar approach supplies a practical route for resec 
tion of the ankle joint without injury to the epiphyses. 

SUMMARY 

The transmalleolar approach to the ankle joint, with excision of the malleoli, provide 
surgical access to the entire joint under direct vision. 

Resection of the joint with an osteotome, the curve of which conforms to the arc of th( 
ankle joint, assures an exact osseous approximation, regardless of the degree of equinus 

Subperiosteal resection of the malleoli permits direct contact between the talus anc 
the tibia. 

Resection of the malleoli and the rounding of their bases make a narrow and shapelj 
ankle. 

Bilateral incisions supply a means of obtaining simultaneously drainage of the joini 
and fusion in septic compound fractures, even in the active stage of infection. 

Immobilization by means of transfixion pins (or Kirschner wires), fixed by either the 
cast or castless methods, is so positive and complete that early crutch ambulation can be 
permitted with safety. 
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ARTHRODESIS OF THE ANKLE JOINT FOR OLD PAINFUL FRACTURES * 

BY H.VLFOUD HALLOCK, M.D., NEW YORK, N. Y'. 

From the New York Orthopaedic Dispensary ami Hospital, New York 

Arthrodesis is an effective means of relieving the pain and disability that often arise 
from old ankle fractures. This fact is established by an end-result study of thirty-eight 
of the forty-seven patients who had an ankle fusion for this condition at the New York 
Orthopaedic Hospital from Januaiy 1928 to April 1943. Nine of the forty-seven had 
follow-up examinations less than one j'ear after operation, and have therefore been 
excluded from the end-result group. Thej' are included, however, in the preoperative 
and operative study. One patient had bilateral arthrodesis, making a total of forty-eight 
ankle fusions. Twenty-two of these cases were reported by Kimberley in 1936.* 

This is not a large number of cases for a period of fifteen years. Many more patients 
than this were seen in the Dispensary complaining of painful ankles following fractures, 
216 in the five-year period from 1928 to 1933, according to Kimberley; but, in many, con- 
servative measures probably afforded .sufficient relief, and, in some, surgery was un- 
doubtedly not accepted when advised. 

The group of patients operated upon, therefore, represents the more severe type of 
case, or the one in which conservative measures have failed. The pathological changes 
seen in these joints at operation make the .surgeon appreciate the potentialities of surgery, 
and the limitations of physical therapy and support. Better treatment of the original 
fracture will probably mean le.ss need for subsequent treatment or surgery; but even with 
accurate anatomical reductions, which can be secured in most instances only by meticulous 
open reduction, defects of the articular surface may persist, and a painful arthritis may 
ensue. 

All but three of the forty-seven patients who were operated upon had more or less 
severe malunited fractures affecting the ankle joint; and in these three, although their 
fractures had healed in good alignment, a pronounced arthritis had developed. One had 
additional deformity caused by partial epiphyseal arrest, brought about by the original 
injury. 

The patients complained chiefly of pain and limitation of function. Their ages at 
the time of operation ranged from sixteen to fifty-six years; the average age was thirty- 
eight; the time of operation after the original injury vai’ied from one month to twenty- 
one years; the average time was three and seven-tenths years. One patient, whose 
ankle was fused one month after fracture, had sustained multiple injuries in a thirty-five- 
foot fall, including a comminuted fracture of the distal fourth of the tibia involving the 
ankle joint, with a forward and upward dislocation of the talus. It was obvious that no 
treatment other than an arthrodesis would yield a satisfactory result. Fusion was ob- 
tained within six months, and at the last examination, three years later, the patient was 
free from pain and walked normally with or without shoes. 

OPERATIVE TECHNIQUE 

The ankle joint is exposed through an anterior longitudinal incision midway between 
the malleoli. A tourniquet is used above the knee. The tendons of the extensor digi- 
torum longus are retracted laterally and those of the tibialis anterior and extensor hallucis 
longus, together with the dorsalis pedis vessels, are retracted medially. The periosteum 
of the tibia and the capsule of the ankle joint are divided longitudinally, and are reflected 

* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, June 1, 
1944. 
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sufficiently to expose the anterior borders of both malleoli and their articulations with the 
sides of the talus. The articular caitilage is removed from the superior, medial, and 
lateral surfaces of the talus, from the tibia, and from both malleoli. Mild or moderate 
degrees of defoimity can now be corrected by removing certain portions of bone. Some- 
times it is also necessary to perform osteotomies of the malleolar portions of the tibia and 



Fig. 1-A 

A. McG. Preoperative condition four months after fractuie. 



Fig. 1-B 

Ten years after ankle fusion. There is no pain, and patient can be on her feet all day and walk as far 
as she pleases. The ankle is fused in 10 degiees of equinus. 
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fibula or of the lower portion of the fibula, in order to obtain adequate correction and to 
restore the foot to a proper weight-bearing alignment with the leg. Occasionally length- 
ening of the tendo calcaneus may be required to aid in correcting equinus. 

The opposing bony surfaces are then “fish-scaled” by turning down attached chips 
of bone and interlacing them, if possible, across the joint interval. Additional bone chips 
are removed from the lower portion of the tibia and are packed into the spaces between the 
talus and the tibia, and the talus and both malleoli. Chips are also laid across thejoint 
anteriorly. (In five patients, bone grafts or pegs were employed as well.) The wound 
is closed in layers, and after the deep sutures have been placed, the tourniquet is removed. 
A plaster cast is applied, extending above the semiflexed knee, with the foot in 10 degrees 
of equinus. 

A plaster boot for walking is applied after six weeks, and usually the arthrodesis is 
strong enough to bear weight without support after twelve weeks. Once the cast has been 
removed, physical therapy is employed to decrease swelling, to rehabilitate the muscles, 
and to promote compensatory mobility in the subtalar and tarsal joints. If arch strain 
occurs, a support may be used for as long a time as is necessary. 

The position of the ankle is checked by roentgenograms after operation. The degree 
of equinus is determined by drawing a line from the inferior surface of the calcaneus to the 
plantar margin of the first metatarsal head, and a second line through the longitudinal 
axis of the tibia, and measuring the angle of their intersection. If the position is not 
satisfactory, the cast is cut posteriorly above the heel, a section is removed over the ankle 
joint anteriorly, and the foot is brought up to the proper position. If the ankle is to be 
wedged downward, the section of plaster is removed posteriorly. This should be done, 
when necessary, five to ten days after operation. One or two wedgings do not seem to 
interfere with fusion, but it is conceivable that more might do so. 

OPTIMUM POSITION FOR FUSION 

An equinus of about 10 degrees is considered generally to be the best position for a 
fused ankle, as with this amount and with the range of compensatory mobility that usually 
develops in the subtalar and tarsal joints, walking is easy and essentially normal with or 
without shoes. When an ankle is fused at right angles or less, difficulty is experienced in 
advancing over the foot, and an undesirable and awkward heel gait results. With more 
than 15 degrees of equinus, increased stress and strain is brought to bear upon the meta- 
tarsal region, and barefoot walking becomes more and more difficult. Weight is borne 
either entirely on the ball of the foot, or on the heel and sole by external rotation and 
abduction of the hip, and hyperextension of the knee. With shoes on, however, a patient 
with excessive equinus may not exhibit an abnormal gait, because of the compensating 
effect of a high heel. 


CORRECTION OF L.ATER.AL DEFORMITY 

If lateral deformity of the ankle is present to a degree sufficient to alter considerably 
the weight-bearing line through the leg and foot, correction should be obtained. In mild 
or moderate degree, this can be accomplished by the removal of appropriate wedges of 
bone with or without malleolar osteotomies; but when the deformity is severe, it is prob- 
ably better to fuse the ankle in the deformed position, and then later to do an osteotomy 
of the tibia and fibula through the cancellous bone above the joint. At this level, the 
fragments are controlled fairly easily, and there is less danger of delayed union or non- 
union than when the bones are divided at a higher point. Supramalleolar osteotomy 
was not done in this series; but, on several occasions, it has been performed, without 
fusion, to correct deformities of the lower end of the tibia without other ankle-joint 
disorder; and, in one case, with joint involvement, prior to probable fusion. This os- 
teotomy was planned for in one case, to follow arthrodesis, but has not been performed, 
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because the patient has done well following fusion alone, and apparently has compen- 
sated adequfitely for the malposition. 

An attempt to correct the lateral deformity at the time of fusion was made in four- 
teen, or 29.2 per cent., of the forty-eight ankles. This was not always successful, and 
often correction was found to be difficult and sometimes impossible. For this reason, it 
would be we^ to study carefully cases with marked deformity, from the point of view of 
obtaining proper alignment after fusion bj'' supramalleolar osteotomy. 

COMPLICATIONS 

Complications were few in number. There were no deaths from operation. Ont 
patient died from a cardiac condition four years after operation. A pressure ulcer de- 
veloped over the medial malleolus in one patient, a hematoma developed in another, anc 
maceration of the wound occurred in two. 

There were three wounds infected with the staphylococcus aureus. One was super- 
ficial and healed readily. 

In the second case, the infection involved the ankle joint, and extended into the 
talonavicular joint, with resultant ankylosis of that articulation. This patient had had 
a compound fracture one and a half years before, with drainage for seven months. Now, 
three years later, he has a clinically fused ankle in 10 degrees of equinus, and a stiff foot 
in mild varus. He is on his feet at work all day. There is no drainage, but occasional!}’ 
he has pain in the foot at the end of the day. 

In the third case, infection occurred after a refusion of the ankle. Eventually a 
sequestrectomy was necessary, and the most recent roentgenogram does not show bon} 
union. The ankle, however, is solid clinically, and there is no drainage. 

RESULTS 

Thirty-eight of the forty-seven patients have had follow-up examinations from one 
to sixteen years after operation. The average time was four and four-tenths years. As 
one individual had bilateral fusion, thirty-nine operations are represented in this end- 
result group. 

Arthrodesis 

Bony union was secured in thirty cases, or 77 per cent. 

Failure of fusion definitely occurred in four. This is a known failure of 10 per cent. 
Three of these patients have been reoperated upon, with success in one, failure in another, 
and a doubtful result in the third. The last was the patient in whom an infection devel- 
oped at reoperation. The fourth patient has been advised to have another operation, but 
has declined, although she is having pain. 

In five patients, or 13 per cent., arthrodesis may be doubtful. In two of these, 
final roentgenograms at nine months did not demonstrate fusion; but arthrodesis is 
clinically present three and four years later, and symptoms are absent except for occa- 
sional pain at the end of the day in one. In three patients, roentgenograms at thirteen 
months, fourteen months, and three years, respectively, revealed doubtful fusion. It 
may be present, however, as these three individuals are free from pain and have clinically 
solid ankles. 

If these five cases in which the presence of fusion might be questioned are added to the 
four in which arthrodesis did not occur, a possible failure of 23 per cent, is obtained. 

Pain 

All the patients except one had pain preoperatively to such a degree as to cause dis- 
ability and to force them to accept surgery for its relief. 

Postoperatively, twenty-two, or 56.4 per cent., are completely free from pain; eight, 
or 20.5 per cent., occasionally complain of slight pain in the foot or ankle (as at the end of 
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a long day or in bad weather); and eight, or 20.5 per cent., have considerable pain. In 
one patient, no note was made with regard to symptoms; but the roentgenogram reveals a 
doubtful fusion, and it is possible that this patient may be having pain, although the 
ankle feels solid clinically. 

Adding the first two groups, thirty ankles, or 76.9 per cent., have been completely 
or almost completely relieved of pain. 

The patients who are complaining of pain have been studied in an effort to discover 
the reasons for the persistent symptoms. In three of the eight, who occasionally have 
slight pain, no apparent cause has been found; late roentgenograms in two cases are not 



Fig. 4-A 


W. D. Preoperative condition one year aftei fracture. 



Fig. 4-B 

Three yearb after operation. Fusion is doubtful roentgenographically, but may be present tlirough 
a small area posteriorly. Patient is free from pain and is on his feet all day. 
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Fig. 5 


Illustrating the use of supramalleolar osteotomy in the correction of ankle varus. 

available; while in the third, the roentgenogram showed a doubtful fusion thirteen months 
after operation, but clinically, arthrodesis is present three years later. Excessive equinus 
of 19 and 22 degrees may be a factor in two patients, because of induced strain. In two, 
the roentgenograms reveal arthritic changes at the talocalcaneal joint in one, and at the 
cuneonavicular articulation in the other. In the eighth patient, the foot is stiff and in 
mild varus, with ankylosis of the talonavicular joint following postoperative infection. 

In the group of eight individuals who are having considerable pain, failure of fusion 
is present in one, and probably in another. The fibular malleolus in one case did not unite 
with the talus, and an arthritic reaction has occurred at this point, as revealed by 
roentgenograms. Although the ankle is fused, no other cause has been found for the 
pain, which is referred to the anterolateral aspect of the joint. Refusion of the lateral 
talomalleolar joint has been advised. One patient has residual varus, following incom- 
plete correction of a marked degree of deformity; and another, who had a triple arthrodesis 
for arthritis of the talocalcaneal joint, apparently has a non-union of the subtalar articula- 
tion. In tAvo patients, subtalar arthritis is probably present. In another, roentgeno- 
grams show considerable arthritic reaction in the talocalcaneal and talonavicular articula- 
tions; triple arthrodesis has been advised, but has been declined, as the patient considers 
that she is not having sufficient pain at present to warrant the operation. 

The chief causes, therefore, of persistent pain appear to be failure of fusion of an 
arthrodesed joint, varus, or excessive equinus, and concomitant subtalar or tarsal arthritis. 

Lim'p 

The presence or absence of limp has not been recorded in ten of the patients. In the 
remaining tAventy-eight, Avhen AA^alking AAUth shoes, a limp Avas absent in tAventy-four, or 
85.7 per cent., and present in four, or 14.3 per cent. In the four, the limp appears to be 
due to arthritis of the subtalar joint in one; probable lack of fusion of the talocalcaneal 
joint folloAAung triple arthrodesis for arthritis in another; poor shoes and a pantalar arthro- 
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desis in a third ; and probable failure of fusion at the right ankle and subtalar arthritis on 
the left in the fourth, the one bilateral case. Without shoes, limping is more frequent, 
especially in those in whom the amount of equinus exceeds 15 degrees. 

The use of a heel of correct height for the degree of equinus, and the development of 
compensatory mobility in the subtalar and tarsal articulations are the chief factors in 
promoting a normal gait in the presence of a fused ankle. Every effort should be made to 
secure the position of 10 degrees of equinus, because this amount affords facility of walk- 
ing with or without shoes. 


SUBT.VLAR -VND T.VRSAL ARTHRITIS 

Subtalar or tarsal arthritis was revealed roentgenographicall}’- in eight of the patients 
before operation, and in four others after operation. This constitutes 25 per cent, of the 
whole group of forty-eight ankles. The talocalcaneal articulation was involved preopera- 
tively in six patients, postoperatively in four; the mediotarsal joint, preoperatively in 
three patients, postoperative!}'- in one; the cuneonavicular articulation, preoperatively in 
none, postoperatively in one. The mediotarsal arthritis in one patient was associated 
with a pseudarthrosis which had resulted from an operation performed a number of years 
earlier to correct forefoot equinus following the original injury. 

The degree of arthritis varied considerably, and ranged from marked articular change 
to mild thinning of the joint space or slight lipping at the articular margins. 

To control this complicating condition, a subtalar or triple arthrodesis was performed 
in five of the twelve patients, while a talocalcaneal fusion was done in one, and a refusion 
of the mediotarsal joint in another. Both of these latter procedures were performed at 
the same time as the ankle fusion. In the remaining five patients, no further surgery has 
been done, but subtalar arthrodesis has been advised in at least one. Two of the five are 
having considerable pain; two, mild discomfort at times, and one is free from symptoms. 
The roentgenograms in this case, made before operation, showed only slight lipping pos- 
teriorly at the talocalcaneal joint; no further roentgenograms have been taken since 
the cast was removed, at which time fusion was demonstrated to be present. Clinically, 
tarsal mobility is good. 

The presence of a concomitant subtalar or tarsal arthritis must always be considered 
in the examination and study of these cases, as it may be a major factor in the subsequent 
function of the foot. Usually, it is probably related to the original trauma; but it can 
develop after operation as it did in four patients of this series. 

Arthritis in mild degree should be treated with support and physical therapy; but 
when it is present to a considerable or marked degree, either subtalar or triple arthrodesis 
should be done, or the patient should be informed of its presence and of the possible neces- 
sity for further surgery later on. 

1. Kimberley, A. G. : Malunited Fractures Affecting the Ankle Joint. With Special Reference to Twenty- 
Two Cases Treated by Arthrodesis. Surg. Gynec. Obstet., LXII, 79, 1936. 

DISCUSSION 

Dr. H. R. Conn, Akron, Ohio: We are indebted to Dr. Hallock for calling our attention to this tibiotalar 
fusion which in my opinion is not used as widely as it might be. It is applicable to any lesion that produces 
a disintegration of the articular elements. 

As has been observed, compensatory hypermobility of the mid-tarsal joints very' quickly develops in 
these patients, and as a result they suffer less functional disability than might be anticipated. 

About ten years ago I showed nine of these patients with fusions to the Ohio State Medical Society. All 
had had arthrodesis long enough for the maximum degree of hypermobility to develop, and I was not 
surprised when members of the audience insisted that no true tibiotalar fusion e.xisted. Of course the 
roentgenograms were available to prove that solid bony fusion was present between the tibia and the talus. 

In the early cases, I attempted joint excision and the implantation of chips, but I have had much better 
results with a sliding bone graft plus chips. 

I would re-emphasize the value of this operation and the surprising lack of disability which results. 
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J. Warren White, Greenville, South Carolina; I think wc are gradually doing more and more 
operations because they are so very satisfactoiy. There is one little device that I have used which 

is really a part of the postoperative dressing. I will show it on 
the board. It concerns the holding of the parts together. You 
will remember some years ago Key emphasized the importance of 
liositive pressure in stabilizing knees. Why not use the same 
principle in the ankle? I put one stainless-steel pin, one-eighth 
of an inch thick, just above the location of the epiphyseal line and 
another one through the lower posterior portion of the os calcis so 
that the vessels will be missed. After applying the dressing, I 
attach rubber bands between these two pins. 

This makes it unnecessary to e.vtend the cast above the knee. 
It stabilizes the entire lower leg satisfactorily. I have treated 
four of these cases in this way. The e.xtreme pressure from the 
bands is exerted only while the plaster is hardening, which pre- 
vents any serious amount of pressure necrosis (Fig. A). 

Dr. J. Albert Key, St. Louis, Missouri: Many of these 
patients have a diastasis with a broad ankle which is undesirable. 
Fig. a Also, the objection to the arthrodesis from the front is that, as 

h: Rubber bands. cartilage off, you narrow the talus and widen the 

mortise. The more you take off, the worse it fits. I now remove 
the articular cartilage from the front, and slide a cortical graft from the tibia down through a window or 
tunnel in the lower end of the tibia into the body of the talus. Then, through a lateral incision, the external 
malleolus is cut across, driven inward to narrow the mortise, and fixed with a long oblique screw. This gives 
a neater looldng ankle, and it fuses more rapidly. 



Dr. W. E. Gallib, Toronto, Ontario, Canada: I want to add a word of support to what Dr. Hallock 
and Dr. Conn have said. It has been my experience that when the ankle joint has been solidly ankylosed in 
good position, the patient is relieved of his symptoms and is enabled to walk practically normally. 

As they have pointed out, however, there are complications which are serious. The 6 per cent, infection 
rate and the 20 per cent, failure of arthrodesis are too high to justify complacency. It has seemed to me 
that the probable e.xplanation of the high infection rate is that the operation is rather prolonged and is 
severely traumatizing. The failures of arthrodesis are undoubtedly due to imperfection in fitting the raw 
surfaces of the bones together, or to defective immobilization. To reduce the frequency of these complica- 
tions, we should try to reduce the extensiveness of the operation, and at the same time make use of more 
perfect contact of bone surfaces. These requisites may perhaps be found in the method I described some 
years ago for arthrodesis of the subtalar joint. In this, the arthrodesis was brought about by mortising 
bone grafts into the talus and os calcis without removing the articular cartilages. In the ankle, the same 
principle can be employed by removing the articular cartilage from the malleoli and the body of the talus, 
and by filling the spaces so produced with tightly fitting bone grafts. Additional security may be obtained 
by sliding a graft down from the anterior aspect of the tibia across the joint line into the neck of the talus. 

The number of patients treated in this way has not been great enough to justify any statement as to 
final results. To date, however, we have operated upon ten patients, and bon 3 ' union has occurred in all. 
The operation has the additional advantage that, because the articular cartilage between the tibia and talus 
has not been I’emoved, no shortening occurs, and there is no additional deformit 3 L In women, this is of 
particular importance. 

Dr. Halford Hallock, New York, N. Y. (closing): I appreciate veiy much the discussion. We have 
not used internal fixation at the Orthopaedic Hospital except in a spastic patient. Two vitallium screws 
were used in one patient. We have felt that internal fi.xation was not necessary, and we have obtained a 
high percentage of bony union. The elastic pressure which Dr. White spoke of may be helpful in obtaining 
compression at the arthrodesed joint, and, if that pressure is not so great as to cause pain and discomfort, it 
will probably help in initiating bony union. In connection with this, he stated that it would not be necessary 
to extend the plaster above the knee; but even with the pins as he has shown in his diagram, it seems 
impossible to prevent some anteroposterior motion at the ankle joint, because of the calf muscles which in 
part arise above the knee joint. It might be better to use plaster above the knee for a short period of time. 

In answer to Dr. Gallie’s discussion, I would like to say that his method, with fusion occurring in six 
months’ time, seems to be useful in the ankle without deformity. When deformity is present, however, more 
would have to be done to obtain a good-looking ankle. Our casts have been taken off in twelve weeks. 
In 90 per cent, of the cases, fusion has been strong enough in twelve weeks to permit the patient to go 
without a cast. I think that fact justifies the use of this type of operation to obtain early fusion. 
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EXPERIMENTAL PRODUCTION OF SCOLIOSIS IN RATS AND MICE 

BY JOHN 11. SCHWARTZM.VNN, M.D., AND MERYL MILES, M.S., ST. LOUIS, MISSOURI 

From the Department of Anatomy, Washington University School of Medicine, and Shriners’ Hospital for 

Crippled Children, St. Louis 

A satisfactory understanding of the mechanism involved in the production of scoliosis 
in man is yet to be fullj’^ reached. One means toward this end has been to create this con- 
dition deliberately in laboratory animals by various methods. 

IVullstein, in 1902, produced permanent scoliosis in dogs by strapping the animals in 
a position of lateral deviation for a long period of time; Carey, in 1932, produced scoliosis 
in rats by transplantation of the animals’ tails; Bisgard, in 1935, produced scoliosis in ani- 
mals by “pleural imbalance”, producing massive scarring and fibrosis of the chest by 
surgical means. 

Arnd, in 1903, reported the production of scoliosis in rabbits, with associated rotation 
and wedging of the vertebral bodies, brought about by unilateral excision of the deep back 
muscles. Carey mentioned the production of experimental scoliosis in animals by muscle 
excision. Bisgard reported scoliosis due to muscle imbalance produced by resection of the 
nerves to the intercostal and sacrospinalis muscles. 

Pacher, Haas, and Bisgard and Musselman produced scoliosis in animals by surgical 
means. They partially destroyed the vertebral epiphyseal plates, thereby causing uneven 
vertebral growth which resulted in lateral deviation of the spine. Engel and Richer like- 
wise produced disturbances in the growth of vertebral bodies by the implantation of radium 
into the epiphyseal plate, and by this means produced scoliosis experimentally in animals. 

Carey demonstrated in a mechanical model that “dynamic equilibrium of the muscle 
and bone of the back” must be maintained to keep the normal alignment of the vertebral 
column. He also presented e^ddence that combinations of muscle groups in balance and 
in imbalance bear definite and constant influence on normal and abnormal vertebral 
alignment, respectively. 

In the experiments undertaken in this study, the objective has been threefold: 

1. To determine the effect on the alignment of the vertebral column of muscle im- 
balance, produced by unilateral excision of groups of symmetrical muscles which influence 
the movements and position of the vertebral column. 

2. To determine the effect on the alignment of the vertebral column of bilateral 
excision of groups of symmetrical muscles which influence the movements and position of 
the vertebral column. 

3. To determine the effect on the alignment of the vertebral column of muscle im- 
balance, brought about by the operative release of the muscles from their attachments to 
the vertebrae and the prevention of their reattachraent by the interposition of inert ma- 
terial between the muscle mass and the vertebra to which it was attached. 

MATERIAL AND METHODS 

Both rats and mice were used; thus two groups of experiment.*^ were carried out. 

In Experiment I, twenty-six healthy, young, growing, male rats were used; they av- 
eraged five months of age at the beginning of the e.xperiment. The average weight was 
300 grams. These animals were not necessarily litter mates. 

In Experiment II, seventeen animals of a Swdss-Colony strain of laboratory mice were 
used. The average age was three months, and the average weight was twenty-tliree 
gi'ams. Both se.xes were included, but were segregated in order to keep pregnancy from 
complicating the experimental results. 


'OL. XXVII, XC). 1. JAXUAltY 1943 


59 



60 


J. R. SCHWARTZMANN AND M. MILES 


The anaesthetic used was veterinary solution nembutal. In Experiment 1, an av- 
erage of 0.21 cubic centimeters of solution per 300-gram rat was injected intraperitoneally. 
In Experiment II, an average of 0.02 cubic centimeters of solution per 23-gram mouse was 
injected inti’aperitoneally. Anaesthesia was complete in five to ten minutes, and lasted 
for a period of from forty-five to sixty minutes. 

The preoperative prepa- 
ration and postoperative care 
given to the animals was as 
follows: 

In E.xperiment I, preop- 
erative preparation consisted 
in shaving the back from the 
base of the skull to the mid- 
lumbar region and for approx- 
imately one centimeter on 
each side of the mid-line. 
Seventy per cent, alcohol was 
used as a skin antiseptic; 
three-minute scrubbing of the 
hands without the use of sur- 
gical gloves, but using sterile 
instruments, constituted the 
aseptic precautions. Postop- 
erative care consisted only of allowing the animal free access to water and food, and keep- 
ing it in its cage, in a -warm room, free from drafts, for nine days. 

In Experiment II, preoperative preparation was similar to that given in E.xperiment 
I; and the postoperative care was also the same. 

The animals used in E.xperiment II were then exercised regularly in a revolving-drum 
type of treadmill, as described by Lanier, starting with ten to fifteen minutes daily, and 
gradually increasing to two hours twice daily, as they were able to tolerate the work. Por 
the most part, the animals had difficulty for about ten days, as they were apparently lame 
in the extremity on the side operated upon, but after this length of time they seemed able 
to compensate sufficiently to maintain the gait satisfactorily. Obviously the animals 
could not be under constant surveillance; often an animal drowned. No wound infections 
were encountered in any of the animals of either e.xperiment. 

The inert substances used were: (a) surgical Penrose rubber drain; (b) commercial 
cellophane sheets, removed from a given brand of cigarette packages, and sterilized by 
boiling; and (c) insultoic membrane — chromicized bovine allantois. 

EXPERIMENT.'VL PROCEDURE 

Experiment I (Rats) 

1. Unilateral Removal of Superficial and Deep Bach Muscles on the Left or Rigl 
(Fourteen Rats). The skin was incised in the mid-line between the levels of the uppe 
border of the scapula and the thirteenth rib. The cutaneus ma.ximus was divided in th 
mid-line in a similar manner, and was retracted laterally, thus allowing exposure of tli 
superficial back muscles. The spinotrapezius was identified, dissected free from its at 
tachment to the spinous processes and thoracolumbar fascia, dissected to its insertion oi 
the scapula, clamped at its insertion, divided, and removed. The latissimus dorsi wa 
freed wath the thoracolumbar fascia throughout its extent of attachment to the spinou 
processes, was dissected free to within 0.5 of a centimeter of its insertion into the humerus 
and \vas crushed, divided, and removed. This resulted in exposure of the deep bad 
muscles. The entire deep muscle mass (the serratus posterior groups) was separatee 



Fia. 1 

Showing diagrammatically the metliod of insei’tion of inert ma- 
terial after subperiosteal release of muscle mass. 

A; Viewed from the operative appi'oach. B: Cross section. 
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Tom its attachment to the spinous processes, laminae, transverse processes, and ribs be- 
tiveen tlie fourth and thirteenth thoracic vertebrae, inclusive. This muscle group was 
damped above and below at the levels of the fourth and thirteenth thoracic vertebrae, 
respectively, and was removed eti masse between the clamps. , Any residual muscle tissue 
[such as intrinsic back muscles) was scraped off the laminae, transverse processes, and 
libs, and was excised, leaving the bony structuires in the operative field exposed subperi- 
osteally. Intercostal musculature was not injured. All clamps were removed, the 
wound was closed by approximating the cutaneus maximus and skin in their respective 
layers with interrupted No. 40 black cotton sutures. No dressings were applied. Oper- 
ative time averaged twenty-five minutes from start to finish. There were no immediate 
operative deaths. In four of these animals, only the superficial musculature on one side 
was excised by the procedure described; the deep muscles were not disturbed. 

2. Bilateral Removal of Superficial and Deep Back Muscles (Four Rats). In the 
bilateral surgical removal of superficial and deep back muscles, the technique employed 
on each side was the same as the procedui-e in the unilateral excision. 

3. Removal of Superficial and Deep Muscles on One Side, and Release of Muscle At- 
tachment to Spinous Processes, Laminae, and Transverse Processes on the Opposite Side, with 
ihe Interposition of an Inert Material to Prevent Reattachment (Three Rats). The technique 
for removal of muscles on one side has been described. Beyond this point the procedure 


was altered. On the opposite side, the su- 
perficial muscles were released from attach- 
ment to the spinous processes; the deep 
muscle mass was freed from the vertebrae 
subperiosteally, and was separated by dis- 
section as far laterally as the costal angle. 
This procedure was carried out through the 
same extent as that of the muscle excision 
on the opposite side. After subperiosteal 
stripping of the deep musculature, a piece 
of inert material (rubber dam, cellophane, 
or insultoic membrane) was cut so as to 
cover exactly the denuded area of the spi- 
nous processes, laminae, and rib cage, and 
this material was sutured in place by inter- 
rupted cotton sutures as illustrated. The 
membrane was sutured across the tips of 
the spinous processes, and anchored to the 
interspinous ligaments (Fig. 1). Wounds 
were closed as already described. In three 
additional animals, unilateral release of 
muscle attachment was maintained by in- 
terposition of an inert material as described 
above, but in these animals the opposing 
muscle group was left undisturbed. 

Two animals were used as controls. 

Bxperiment II (Mice) 

1. Unilateral Excision of Superficial 
and Deep Back Muscles (Ten Mice). The 


&<ffore 



d) Total Excisho 



b) Pigfitriioracic-Ufi Lumbar Excision 



c) Left hia! Exds/on 





® Muscles Excised □ Musdes Intact 


procedure of unilateral excision of superfi- 
cial and deep muscles as described in Ex- 
periment I was carried out on mice, except 


Fig. 2 

Diagrammatic rejircaentation of the influence of 
the lumbar curve on the direction of the thoracic 
curve. 
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TABLE I 

Results in Expekiment I 


Procedure 

Rat 

No. 

Time 

Observed 

Results 

(1) Unilateral excision* of su- 
perficial and deep back inu.s- 
cles on the left. 

1 

2 

3 

4 

5 

12 months 

12 months 

S months 

12 months 

12 months 

Curve was convex to left in mid-thoracic region. 
Curve was convex to left in mid-thoracic region. 
Curve was convex to left in mid-thoracic region. 
Curve was conve.x to left in mid-thoracic region, 
and convex to right in lumbar region. j 

No curvature was preient, but spinous jn'oeesses 
were rotated to right in thoracic region. 

(1) Unilateral excision* of su- 
perficial and deep back mus- 
cles on the right. 

G 

7 

S 

9 

10 

3 weeks 

12 months 

12 months 

12 months 

12 months 

Animal died 3 weeks postoperatively. No curva- 
ture was present. 

Curve was convex to right in mid-thoracic region. 

Curve was convex to right in upper thoracic re- 
gion, and convex to loft in lower thoracic and 
upper lumbar regions. 

Curve was convex to right in mid-thoracic region. 

Curve was convex to right in upper thoracic re- 
gion, and convex to left in upper lumbar region. 

(1) Unilateral excision* of su- 
perficial back muscles on the 
right. 

21 

22 

1 month 

12 months 

Animal died 1 month postoperatively. No curva- 
ture was pre.sent. 

Mild curve was convex to left in thoracolumbar 
region. 

(1) Unilateral excision" of su- 
perficial back muscles on the 
left. 

23 

24 

12 months 

12 months 

No curvature was present. 

Mild curve was convex to left in thoracic and 
upper lumbar region. 

(2) Bilateral excision* of su- 
perficial and deep back mus- 
cles. 

11 

12 

13 

14 

8 months 

12 months 

8 months 

12 months 

No curvature was present. 

No curvature was present. 

No curvature was present. 

No curvature was present. 

(3) Unilateral subperiosteal 
stripping on left, with inser- 
tion of rubber dam (4th 
through 13th thoracic). No 
excision of muscle. 

16 

4 months 

Animal died 4 months postoj^eratively. No cur- 
vature was jiresent. 

(3) Unilateralsubperiosteal 
stripping on left with inser- 
tion of insultoic membrane 
(4th through 13th thoracic). 
No excision of muscle. 

18 

12 months 

Curve was convex to right in mid-thoracic region. 

(3) Unilateralsubperiosteal 
stripping on left, with inser- 
tion of cellophane sheet (4tli 
through 13th thoracic). No 
excision of muscle. 

20 

4 months 

Animal died 4 months postoperatively. No cur- 
vature was present. 

(3) Unilateral excision* of deep 
and superficial muscles on 
left, and subperiosteal strip- 
ping with insertion of cello- 
phane on right (4th through 
13th thoracic). 

15 

3 months 

1 

Animal died 3 months postoperatively. No cur- 
vature was present. 

(3) Unilateral excision* of su- 
perficial and deep muscles on 
left, and subperiosteal strip- 
ping with insertion of rubber 
dam on right (4th through 
13th thoracic). 

17 

1 2 months 

Curve was convex to left in mid-thoracic region. 

* 

(3) Unilateral excision* of su- 
perficial and deep back mus- 
cles on left, and subperiosteal 
stripping with insertion of in- 
sultoic membrane on the right 
(4th through 13th thoracic). 

19 

12 months 

Curve was convex to left in mid-thoracic region. 

Controls, — no operative pro- 
cedure. 

25 

26 

12 months 

12 months 

No curvature was present. 

No curvature was present. 


* Extent of excision, 4th through 13th thoracic. 
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TABLE II 

Results in Experiment II 


Procedure 



Results 

1) Total excision* of super- 
ficial and deep back muscles 
in the thoracic and lumbar re- 
gions, including tlie quadratus 

5 

5 months 

Curve was convex to right in upper thoracic re- 
gion; convex to left in thoracolumbar region; 
and convex to right in low lumbar region. 
Pelvis was rotated to left. 

lumborum, on the right. 

11 

4 months 

Curve was convex to left in thoracolumbar region, 
and convex to right in lumbar region. Pelvis 
was rotated to left. 


13 

2 months 

Curve was convex to left in thoracolumbar region, 
and convex to right in lumbar region. Pelvis 
was rotated to left. 


9 

4 months 

Curve was convex to left in thoracolumbar region, 
and convex to right in lumbar region. Pelvis 
was rotated to right. 


17 

2 months 

Slight curve was convex to left at thoracolumbar 
junction. 

1) Total excision* of super- 

16 

2.5 months 

Curve was convex to left in lumbar region. 

ficial and deep back muscles 
in the thoracic and iunihar 
regions, including the quad- 
ratus lumborum, on the left. 

8 

6 months 

Curve was convex to left in upper thoracic and 
thoracolumbar regions fexcisfon of lumbar mus- 
cles had been incomplete). Pelvis was rotated 
to right. 


10 

4.5 months 

Curve was convex to left in upper thoracic region, 
and convex to right in thoracolumbar region. 
Pelvis was rotated to right. 


2 

j 

5 months 

Curve was convex to left in upper thoracic region, 
convex to right in thoracolumbar region, and 
convex to left in low lumbar region. Pelvis was 
rotated to right. 


6 

5 months 

Curve was convex to right in thoracolumbar re- 
gion, and convex to left in low lumbar region. 
Pelvis was rotated to right. 

2) Excision of superficial and 
deep back muscles in the tho- 
racic region on the right; and 

4 

4 months 

Curve was convex to right in thoracic region, and 
convex to left in lumbar region. Pelvis was 
rotated to right. 

in the lumbar region, includ- 
ing the quadratus lumborum, 
on the left. 


1 month 

Curve was convex to right in thoracic region, and 
convex to left in lumbar region. Pelvis was 
rotated to right. 

Controls 

1 

4 months 

No curvature was present. 


3 

4.5 months 

No curvature was present. 


7 

4.5 months 

No curvature was present. 


12 

3 months 

No curvature was present. 


15 

2 months 

No curvature was present. 


* Extent of excision, 2nd thoracic through 6th lumbar. 


ihat the muscles were excised from the second thoracic through the sixth lumbar, and the 
luadratus lumborum on the same side was also excised. In some cases, the peritoneal 
;avity was opened during removal of the quadratus lumborum, but the peritoneum was 
iutured with the lateral abdominal musculature to the psoas mass, in order to cover the 
lefect produced in the peritoneum and thus prevent evisceration. No immediate post- 
operative deaths were encountered. 

2. Bilateral but Asymmetrical Excision oj Superficial and Deep Muscles {Two Mice). 
The superficial and deep muscles of one side of the thoracic spine were excised from the 
second thoracic through the thirteenth thoracic vertebrae, inclusive; and on the opposite 
side, the deep and superficial musculature was excised in the lumbar region from the first 
through the sixth lumbar vertebrae, inclusive, including the quadratus lumborum. 

Five mice were used as controls. 


DISCUSSION 

The results of these experiments in a series of forty-three laboratory animals demon- 
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Fig. 9-A Fig. 9-B 

Mouse 5. Showing curvature pioduced by total 
excision of superficial and deep muscles of the back, 
on the right. 





Fig. 10-A Fig. 10-B 

Mouse 2 Showing cuivature produced by 
total excision of superficial and deep muscles of 
the back, on the left 


strates readily that scoliosis can be produced in quadrupedal animals, when muscle im- 
balance is obtained in those muscle groups affecting the alignment of the vertebral col- 
umn. It is also apparent that a definite time element is necessary for the scoliosis to be 
produced. In rats, the minimum time for production of a lateral curve by the technique 
described is somewhere between four and eight months No curves were found in animals 
on whom autopsies were performed at or before four months, but expected curves were 
present in those on whom autopsies were performed at eight months. It was for this 
reason that the two experiments differed. In an effort to produce results earlier, the mice 
in Experiment II were worked on a treadmill, since it was felt that in a system of muscle 
imbalance, regular exercise would increase the power of stronger or unopposed muscles, 
and, thereby, would cause the scoliosis to appear sooner This contention is believed to 
be supported by the results, since curvature appeared as early as one month after opera- 
tion in the mice. Definite evaluation of the influence of exercise on the time required for 
the production of curvature in such an ex- 
periment, however, calls for a series, com- 
parable except for exercise, in the same type 
of animal. 

In Experiment I, unilateral excision of 
deep and superficial muscles produced curva- 
tures in a constant direction (Figs 3- A, 3-B, 

T-A, and 4-B), the convexitj'^ being tournid 
the weaker or “paralyzed” side, except for 
Animal 5, which showed no lateral deviation, 
but rotation of the spinous processes toward 
the stronger side. 

Bilateral excision produced no muscle 
imbalance and thus produced no curvature 
(Figs. 5-A and 5-B). 

The insertion of inert material to pro- 
duce selective muscle imbalance offers a 
most interesting possibility for future in- 
vestigation. Animals 17, 18, and 19 were 
the only thiee of this group which survived 
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Fig 11-A Fig. 11-B 

Mouic 4 Showing curvature produced by e.x- 
cBion of superficial and deep niuscles of the back in 
the right thoracic region and the left lumbar region. 
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long enough for results to be observed. Both animals in which cellophane was used died 
witliin four months; whether or not the cellophane produced death is not known. One of 
the two animals in which rubber dam was used died at four months, the other (Animal 17) 
lived for the length of the experiment, and a curvature developed. In this animal (Figs. 
6-A and 6-B), tissue section through the area of the rubber insertion (with Weigert stain) 
showed a marked amount of fibrosis. None appeared in Animals 18 and 19, in which 
insultoic membrane was used. Release of the attachment of the intrinsic back muscles 
on one side, with excision on the opposite side, resulted in curves convex to the weak side 
in Animals 17 and 19, whereas simple release of the attachment of the intrinsic muscle on 
the left in Animal 18 (Figs. 7-A and 7-B) resulted in a curvature to the right, which would 
be expected to be the stronger side. This indicates that the intrinsic or short back 
muscles may alter considerably the influence of the long or "bowstring” muscles on the 
alignment of the vertebral column. 

The use of inert material to bring about selective muscle imbalance offers a means of 
studying the influence of certain individual muscle groups on the alignment of the verte- 
bral column. In the animals studied, the use of insultoic membrane was found to be the 
most satisfactory, since microscopic sections through the areas of implantation of inert 
material showed that no local tissue reaction to the introduction of this substance was en- 
countered, whereas considerable fibrosis and scarring were present around the insertions of 
cellophane and rubber dam. 

No explanation is offered for the curvature being to the left only, in excision of either 
right or left superficial muscle groups (Figs. 8-A and 8-B). 

In Experiment II, excision of the deep and superficial muscle mass throughout the 
length of the thoracic and lumbar spine produced double or S curves. Constantly the 
convexity was toward the weak side in the lumbar region, as one would expect. The 
thoracic curve, however, was convex toward the stronger side. When the direction of the 
lumbar curve favored it, as in Animal 4, the thoracic curve was convex toward the weak 
side, as in excision of the right thoracic and left lumbar musculature (Figs. 9-A, 9-B, 
10-A, 10-B, 11-A, and 11-B). Comparing this with the results in Experiment I, where 
it Avas found that Avith thoracic-muscle imbalance only, the convexity Avas toAvard the 
weak side, it is strongly suggested that a lumbar curve will xdtimately affect the direction of 
the thoracic curve. This statement is presented diagrammatically in Figure 2. An 
inconsistency in this observation is apparent in Animals 8 and 10, but Ave believe that 
incomplete excision of the lumbar-muscle group in Animal 8 may account for the deAuation 
from the expected results. In Animal 10, the period of observation was only four months, 
the loAv convexity to the right was in the thoracolumbar region, and it may be suggested 
that the curve was not fully developed at the time the animal died. 

Experiment II also demonstrates a method of studying the progressive stages betAA^eeii 
beginning and maximum curvature. For example, animals observed for periods of two, 
four, and five months, folloAving right total excision, shoAved varying degrees of curvature 
from mild single-curve scoliosis to severe triple curvatures, Avith a left convexity in the 
thoracolumbar region common to all the animals. Animals observed for periods of from 
tAVO and a half to six months folloAving total excision on the left also shoAved curvatures 
varying from single-curve scoliosis to triple curvatures. 

Carey, by the medium of an ingenious mechanical system, demonstrated the influence 
of individual muscle pull on the alignment of the vertebral column. He also demonstrated 
mechanically that combinations of muscle groups in balance and in imbalance have defi- 
nite and constant influence on the vertebral alignment. 

In this experiment there have been demonstrated, in vivo, some of the mechanical ini- ^ 
balances presented by Carey in an inanimate model. Thus scoliosis has been produced by 
selective muscle imbalanch, Avhich simulates the mechanical condition of paralytic scoliosis- 

Scoliosis, secondary to poliomyelitis, is dependent upon muscle imbalance, Avhich is 
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due to asymmetrical paralysis of muscle groups, influencing the normal alignment of the 
vertebral column. This imbalance may be mild or severe in degree; the location and na- 
ture of the curve is dependent upon the type and extent of the imbalance. 

Crego and McCarroll have demonstrated that recurrence of deformities in paralytic 
feet after stabilization may frequently be due to uncorrected muscle imbalance about the 
foot and ankle; the same principle may well hold true in deformities of the vertebral col- 
umn, which are due to or influenced by muscle imbalance. 

It is believed that the results obtained in this series of animals have been constant 
enough to warrant certain definite conclusions. 

CONCLUSIONS AND SUMMARY 

This study of experimentally produced scoliosis may justify the following conclusions; 

1. Scoliosis can be produced- experimentally in laboratory rats and mice by the 
selective release of mechanical action of different muscle groups on the vertebral column. 

2. A satisfactory degree of control can be maintained to allow the prediction of the 
type of curve to be produced. 

3. Selective muscle imbalance can be produced without muscle excision by the use 
of inert material to prevent muscle reattachment; this imbalance ^11 produce lateral 
curvature. 

4. Muscle excision and release which did not produce imbalance resulted in no 
scoliosis in the animals studied. 

The authors express appreciation to Mildred Trotter, Ph.D., Department of Anatomy, Washington 
University School of Medicine, for her cooperation and help in conducting these experiments. 

Photographic and roentgenographic material was obtained through the cooperation of Miss A. J. 
Joslin, R.N., Shriners’ Hospital, and Mr. M. W. Rhoades, Washington University. 
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CONGENITAL STRICTURE OF THE SPINAL CANAL* 


BY PROF. DR. MUNIR AHMED SARPYENER, ISTANBUL, TURKEY 


Fiom The Clinic of Infantile and Orthopaedic Surgery, Islanbnl 


It is a common phase of pathology that peripheral nerves arc very susceptible to 
pressure, whether this be the sudden pressure of a fractured bone fragment, the gradual 
pressure of exuberant callus, or the slow envelopment of scar tissue. The nerve gives 
evidence of the pressure by sensory and motor changes in the part supplied, vaiying from 
muscle weakness to complete paralysis, from mild hypaesthesia to complete anaesthesia. 
Despite this well-known fact, we have thus far largely neglected the study of the con- 
genital causes of pressure against one of the most important parts of the nervous system, — 
the spinal cord. I refer particularly to the congenital stricture of the spinal canal. 

Normally, the spinal canal is narrow in three regions, — above, below, and between 
the cervical and lumbar enlargements. The spinal cord shows similar variations in its 
size. Although it is impossible to prove that the enlargement of the canal has any effect 
on the enlargement of the cord, ^\•e do know that in spina bifida occulta there is a stricture 
of the cord. This causes many clinical manifestations : enuresis of varying grades, pains 
similar to those in lumbago and sciatica, atrophy of muscles, skin changes similar to 
vitiligo, and perforating ulcer. I have published papers which show additional effects of 




Fig. 1 

Case 1. Sevim. The autopsy specimen 
shows that the spinal cord is divided into twp 
lateral branches, and is reunited after the divi- 
sion. {Reproduced from Vertebra Bifida.^) 

* Edited by Leo Mayer, M.D., New York, N. Y. 



Fig. 2 

Case 2. Metin. At autopsy, the spinal coid 
was found to be like that in Case 1, — divided into 
two branches by a bone and reunited after the 
division. 
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spina bifida occulta and the associated congenital stricture, — retention of urine caused 
by paralysis of the urinary bladder, pollakiuria, malacic disease of the legs, retraction of 
the urinary bladder caused by a cystitis resisting treatment, and ascending inflammation 
of the urinary tract caused by enuresis. In fact, 56 per cent, of the cases of urinary 
calculi in Turkey, which were caused by a long continued cystitis, were due to stricture 
of the spinal canal. 

Thus far, there have been no references in the medical literature to congenital stricture 
not associated with spina bifida occulta. Studies extending over a long period have 
convinced me, however, that this pathological entity does exist, that it can be demon- 
strated by suboccipital injections of lipiodol, and that it is responsible for many hitherto 
unexplained clinical manifestations, — enuresis, spastic or flaccid paralysis, and various 
deformities. These patients do not suffer pain. It might, therefore, be argued that no 
pressure is exerted against the cord. My answer is that certain spinal tumors, which 
grow slowly, may exist for years without causing pain. Thus Sicard and Laplane, in 
La Presse Medicale of January 10, 1925, reported the case of a soldier in whom, in 1916 
following a concussion of the brain, a spastic paralysis developed. This was variously 
diagnosed as hematomyelia, syringomyelia, multiple sclerosis, Pott’s disease, and mye- 
litis syphilitica. The patient had no pain. Despite this, Sicard suspected a spinal-cord 
tumor, because of a lipiodol block following suboccipital injections, and cured him by 
laminectomy and removal of the tumor. 

Just as tumors of the spine may cause spastic or flaccid paralysis, so congenital 
strictures may produce one or the other form of paralysis. The particular type is due 
not to the location of the lesion, but to the degree of pressure exerted on the cord. 

Thus far, I have been able to differentiate the following forms of congenital stricture 
of the spinal canal : 


1. A narrowing of the canal, 
forming a ringlike constriction of 
the cord at one or more levels. This 
variety is usually found in cases of 
enuresis, and is readily cured by 
laminectomy. The relief of symp- 
toms comes within a few hours of 
the operation. 

2. More extensive strictures, 
involving an entire region of the 
canal. This type is usually as- 
sociated with spastic paralysis simi- 
lar to that seen in Little’s disease. 

3. A localized stricture, caus- 
ing compression of the spine and 
paralysis of certain groups of mus- 
cles. This is the type responsible 
for club-foot. 

4. Atypical cases, causing a 
cleft either in the cord alone or in 
both cord and dura mater. 

Our knowledge of the last group 
IS based on two postmortem ex- 
aminations. 

Case 1. Sevim, a child, five months 
old, Was admitted to our Clinic, December 
2, 1936. There was a tumor in the 



Fig. 3-A 

Case 3. Xaci. Roentgeno- 
gram of patient with enuresis, 
showing spina bifida occulta at 
the fifth lumbar vertebra. 


Fig. 3-B 

After a .suboccipital in- 
jection, the lipiodol sLayed 
at the first lumbar vertebra 
where there was no spina 
bifida occulta. 
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Fig. 4-A 

Case 4. Fehmv. Roentgeno- 
gram of a patient with enuresis 
showed spina bifida occulta of 
the first sacral vertebra. 



Fig. 5-A 


Case 5. Serafettin. Roent- 
genogram of a patient with 
enuresis showed spina bifida 
occulta. 



Fig 4-B 

After suboccipital lipiodol 
Injection, the lipiodol re- 
mained at the third lumbar 
vertebra, wliere there was no 
spina bifida occulta. 



Fig. 5-B 

After suboccipital lipiodol in- 
jection, the lipiodol lemained at 
the third lumbar vertebra. 



Fig. ‘FC 

After laminectomy, part of 
the lipiodol descended to the 
sacral vertebra. 



I 

t 

• ^ 


Fig. G 

Case 6. Meliha. This patient 
had enuresis, but no spina bifida 
occulta; however, the lipiodol 
stops at the third lumbar vertebra. 
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lumbar region as large as an orange, coveied nith a thin layer of normal skin. Pressme against the tumor 
caused a bulging at the fontanel. The light leg showed sUght paresis, the left foot was claw-shaped, and the 
big toe nas held lij-perextended. The right leg was h3rj3aesthetic, the left had normal sensitivity. The 
roentgenogram of the spine showed failure of fusion of the arches of many vertebrae posteriorly. Twenty- 
four hours after the resection of the tumor, the child died of shock. At autopsy, an e.xtensive bone formation 
was found, which divided the spinal cord into two lateral parts (Fig. 1). This bone flattened the posterior 
portion of the canal to such an extent that the spinal cord bulged out through the hiatus in the posterior 
arches of the vertebrae. 

C.-iSB 2. Metin, five years old, born in Instanbul, was admitted because of abnormal gait. There was 
a tumor the size of a nut in Iris lumbar region. At operation, extensive bone formation within the canal 
was found, similar to that in Case 1. This divided the cord into two lateral halves. The dura mater was 
attached to the bone. The bone was removed in part by rongeurs, but the child died of shock uithin twenty- 
four hours. At autopsy, a marked constriction of the canal was found. The compression of the cord was 
due in part to the abnormal bone formation, and in part to a sleeve of fibrous tissue (Fig. 2). 

In the group of cases associated with enuresis, we have noted the lipiodol block 
usually at the level of the second or third lumbar vertebra (Figs. 3-B, 4-B, 4-C, 5-B, 
and 6). We know that this represents the region of the spinal cord which controls the 
bladder. These patients represented a group with severe symptoms not controlled by 
any conservative measures. At operation it was noted that, before release of the con- 
striction, there was no pulsation of the dura below the level of the lesion; that pulsation 
returned after laminectomy; and that, as the pressure was released, the dura, together 
with the epidural fat, bulged through the opening in the region of the laminectomy. 
These facts, together with the immediate cure of the enuresis following the operation, 
have convinced us of the presence of a stricture w'hich exerts a significant pressure against 



Fig. 7-A Fig 7-B Fig 7-C 

Fig 7-A: Case 7. Rustem. Showing patient before laminectomy 

Fig. 7-B: .-tfter suboccipital injection, the lipiodol rem.uned at the fir^t -.icr.il wrtebra, iihere there w.ts 
no spina bifida occulta. 

Fig. 7-C: Showing patient after laminectomy 
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the cord. Although we thought at first that the strictures were always associated with 
spina bifida occulta, recent cases have demonstrated their presence without demonstrable 
evidence of spina bifida (Fig. 6). 

Our research has demonstrated that many club feet, some of them of the paralytic 
type, are due to congenital stricture of the canal. Laminectomy has cured these patients. 
The following illustrative cases are typical. 

Case 7. Rustem, seven years old, had a right club foot, and had never been able to walk normally. 
The deformity was said to have existed since birth. There was no history of poliomyelitis. Examination 
showed a paralytic club foot, due to paralysis of the peroneal muscles and the extensor digitorum longus. 
This paralysis was confirmed by exact electrical tests. In order to walk, the patient had to abduct the 
right thigh and support it with his hand (Fig. 7-A). After walking a few steps, he tended to fall. The 
refle.xes were normal. Wassermann reaction was negative. A suboccipital injection of lipiodol showed a 
narrowing of the lipiodol column at the level of the fifth lumbar vertebra (Fig. 7-B). Following laminectomy 
in this region, he was able to stand and walk normally, and the club-foot was corrected (Fig. 7-C). 

Case 8. Mustafa, ten years old, had a club foot even more severe, which was complicated by a large 
hygroma on the dorsolateral aspect of the foot. The deformity was so severe (Fig. 8-A) that manual 
correction was impossible, and a bone resection was thought to be necessary. The peroneal muscles were 
paralyzed. The lower half of the leg and the foot were cold and cyanotic. The left foot showed a plano- 
valgus deformity. There was no history' of poliomyelitis. Befoie any local operation was attempted, a 
suboccipital injection of lipiodol was given. This showed a peculiar spinal twist of the lipiodol column and 
a stricture at the level of the fourth lumbar vertebra (Figs. S-B and 8-C). After laminectomy' it was possible 
to correct the club-foot by simple lengthening of the Achilles tendon by' the method of von Baeyer (Fig. S-E). 
The hygroma was not removed, because it was thought it would probably' disappear spontaneously. 

Case 9. Nermin. In this case, the club-foot was somewhat milder (Fig. 9-A). The lipiodol showed a 
block at the first lumbar level (Fig. 9-B). The photographs illustrate the result of laminectomy (Figs. 9-0 
and 9-D). 


Case 10. Zeyneb. This was a most unusual case in an adolescent girl, who, on admission to our 


Clinic, was barely able to stand alone. Both hips and knees showed marked fle.xion contractures; both hips 

were dislocated; the feet were cold; and many of the nails 



Fig. 10-A 

Case 10. Zeyneb. Girl in seated posi- 
tion. Note appearance of feet and toes. 


were absent (Figs. 10-A, 10-B, and 10-C). The cause of 
her contractures was inexplicable until the lipiodol in- 
jection showed a stricture at the level of the second, third, 
and fourth lumbar vertebrae (Figs. 10-D and 10-E), 
During the laminectomy of the second, third, and fourth 
lumbar vertebrae, it was noted that the spinal canal was so 
narrow that it was impossible to introduce a little finger, 
and there was no pulsation of the dura mater. It seemed to 
us that there was such a marked failure of development ol 
the cord that the operation would probably prove a failure, 
and for this reason we did not e.vtend the laminectomy to 



Fig. 10-B 

Photograph showing feet and toes. 
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Fig. 11-A 


Fig. 11-B 


Fig. 12 


Case 11. Dudu. This pa- 
tient had paraplegia spasmodica 
(Little’s disease). The roent- 
genogram shows no spina bifida 
occulta. 



Fig. 13 

Case 13. Cemal. This was a 
case of continual enuiesis. The 
patient had a sacrum bifidum and 
spina bifida with tumor at the first 
lumbar vertebra The tumor was 
extirpated, but the enuresis did 
not improve. 


Twenty-four hours after sub- 
occipital lipiodol injection, the 
lipiodol lemained at the second 
lumbar vertebra. The patient 
could not walk at all. Thiec 
months after laminectomy, she 
was able to walk without lean- 
ing on anything. 


Case 12, Mustafa. The 
patient suffered with enuresis 
and had a spina bifida with 
tumor in the sacral region. 
After laminectomy, the enu- 
resis was not improved. Sub- 
occipital lipiodol injection 
was made in our Clinic a year 
later. 


the thoracic region. To our surprise, however, one month after the 
operation, the patient had improved enough to walk 120 yards, leaning 
on a wall, and after four months she could walk without any support 
(Fig. 10-F). 


In ten patients with spastic diplegia, similar to that 
seen in Little’s disease, we found that the lipiodol was 
blocked, and at laminectomy we were able to prove the 
narrowing of the spinal canal (Fig. 11-B). 

From the study of this series, we are reasonably sure 
that congenital stricture or narrowing of the canal is re- 
sponsible for many cases of enuresis, club-foot, and spastic 
and flaccid paralysis leading to abnormalities of gait and 
contractures. The narrowing of the bony canal compresses 
the cord, and, by the law of Delpech, prevents it from 
normal development. It is also probable that there are 
congenital strictures of the intervertebral foramina, which 
cause pressure against the nerve roots. These lesions, un- 


like those in later life, do not cause pain, since they develop 
very slowly and tend to inhibit growth of the nerve, whereas the inflammatory constric- 
tions of later life cause sudden pressure against a fully developed nerve, and are, there- 


fore, painful. 

The indications for laminectomy are as follows: 

1 . In uncomplicated cases of enuresis, laminectomy may be postponed until puberty. 

2. All patients with enuresis, who have reached adolescence without improvement, 
require laminectomy. 

3. In children of four or five years, who, without assignable cause other than con- 
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genital stricture of the spinal canal, have never learned to walk, laminectomy should be 
done without delay, since otherwise irreparable damage to the cord may occur. 

4. In cases of abnormal gait, which tend to become worse, , and which show con- 
genital stricture of the canal, operation should be done when the patient is five or six 
years of age. 

5. The same rule applies to patients with atrophy or paralysis combined with 
abnormalities of the lower extremities. 

As to the technique of the operation, the laminectomy should include the narrow 
vertebra and the one just distal to it. In cases of spastic diplegia, five or six vertebrae 
should be included. The stricture must be completely relieved, and pulsation must 
return to the dura below the level of the lesion. Great care should be taken not to injure 
the dura; sponging should be done very gently. If by accident the dura i^ opened, it 
should be sutured in such a way as not to cause any constriction. In cases of spina 
bifida, it is important not only to remove the tumor, so as to prevent its rupture and 
subsequent infection, but also to release the concomitant stricture, since otherwise 
symptoms due to agenesis of nerves will probably continue (Figs. 12 and 13). 
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SOME REMARKS ON THREE COMMON FRACTURES * 


1. Fkactures of the Carpal Scaphoid; 

2. Fractures op the Head op the Radius; 

3. Fractures of the Medial Malleolus. 

BY D. M. MEEKISON, M.D., B.SC., F.A.C.S., VANCOUVER, BRITISH COLUMBIA, CANADA 

Fractures of the carpal scaphoid, head of the radius, and medial malleolus were en- 
countered very frequently in the Royal Air Force during the author’s years of service in 
that branch of the British Armed Forces. Certain conclusions on some aspects of these 
will be presented, perhaps dogmatically, together with series of cases of each fracture, 
composed of the author’s patients, accumulated for the most part during one year. 

fr.vcture of the carp.vl scaphoid 

In considering this fracture, one is reminded of an apt remark by Andre Gide, who 
prefaced an essay with: 

“Tout c^est dejd dite; mais comme pcrsonnc n'ecoule, c’esl toujours necessaire d recom- 
mencer!” f 

How true this is of scaphoid fractures! Flow much preaching and writing and in- 
vestigating have been done on this subject; yet we‘ cannot persuade everyone to im- 
mobilize this bone as soon as it is fractured. Indeed, we cannot make the members of 
the medical profession sufficiently scaphoid-conscious to have a roentgenogram taken and 
to make a diagnosis. 

Pathology 

To create and maintain conditions optimum for blood supplj'^ is the surgeon’s chief 
concern. Immobilization of fresh frnctures in hypere.xtension and full radial deviation 
so impacts the fragments that nourishment is forever cut off from the underfed proximal 
fragment. Those who decry open operation through a dorsal approach, because the ex- 
posure interferes Avith the blood supply, Avill purposely and with intent drill a hole through 
the tubercle and insert a bone graft for established non-union. Surely the nutrient artery 
enters the bone at that point. 

It is difficult to understand why a fracture occurs in the proximal third, since the bone 
is so well protected from strain at this level. On the other hand, fractures of the Avaist 
are quite logical, since the scaphoid lies virtually half in the proximal roAv and half in the 
distal roAv of the carpus; and thus is the only member of this carpal family subject to certain 
shearing and rotational strains. This brings up the interesting question of Avhy so many 
fractures of the carpal scaphoid are encountered in the Services, in contrast to the paucity 
of Colles’s fractures. It Avould seem that the scaphoid fracture is one of youth, due 
possibly to the fact that strong forearm muscles resist hyperextension and thus project the 
leverage more distally. 

Diagnosis 

The expression “sprained AAwist” is all too common. Roentgenograms of such a 
Avrist in at least four projections are essential. If one suspects clinically a fracture of the 
scaphoid, even though the roentgenograms do not reveal it, the AAU’ist should be immo- 

* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, June 1, 

1944. ■ III 

t “All has aheady been said; but, as no one has listened, it is always necessary to start over again. 
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bilized for about three weeks and the roentgenographic study should be repeated. In 
eight of this series, no fracture was revealed in the original roentgenogram, but- was evident 
three weeks later. This is a most important point. 

Another feature of the roentgenographic interpretation is the possibility of overlook- 
ing a subluxation of the semilunar; its relationship to the other carpal bones should, if 
abnormal, be adjusted. 

Treatment 

Fractures of the carpal scaphoid should be considered under two headings. The 
first group, fresh fractures, are not a problem; the second, old fractures, are a problem. 

Orthopaedic or traumatic surgeons should not miss a fracture of the scaphoid, and, if 
given the opportunity, they should obtain good results in fresh fractures by closed meth- 
ods in 100 per cent, of the cases. By closed methods is meant adequate immobilization 
in plaster in the position best described by Soto-Hall and Haldeman, for eight weeks or 
more. Properly applied, the plaster need not be changed in less than eight weeks, and by 
then union is likely to be present. This refers, of course, to waist fractures and those 
proximal to this level. Tubercle fractures need hardly be treated at all. In cases treated 
during the past eighteen months, the author has included the thumb in the cast, with the 
first metacarpal abducted, and has continued the cast to the proximal interphalangeal 
joints, as suggested by Soto-Hall and Haldeman. It has been gratifying to see the way 
the plasters stand up. The scaphoid can be immobilized by a shorter cast, but the cast 
does become loose and requires changing every three or four weeks. 

In the treatment of old fractures (unrecognized or untreated for a month or more) 
there are four methods to consider. 

1. Immohilization. An old fracture must be immobilized for from four to six 
months if necessary, depending upon roentgenographic evidence of union; and union must 
be complete. This treatment is reserved for fractures which are not too old — that is, one 
to three months — and in which accurate reduction can be obtained. 

2. Excision. This applies to the proximaj fragment, when it is the smaller of the 
two and shows evidence of aseptic necrosis. Excision should never be done when the 
fracture is at the waist. If excision is undertaken, it should be done early, before changes 
can take place in the articular cartilage of the radius. Aseptic necrosis can be recognized 
by the end of eight weeks. 

3. Bone Graft. The simple dorsal approach, using a peg or inlay graft, is the safest. 
In seventeen of the 115 cases, bone grafts of this type were used and produced good results. 
This procedure was originally described by Gordon Murray, and, vath modification, it 
offers the opportunity of holding the fracture reduced by means of a Thomas spike *, 
while the graft is placed. The use of the blind peg graft is unwise. It is time-consuming 
and not always accurate. It is difficult to place a straight graft in a curved bone, and the 
author has seen the radius, the semilunar, and even the ulna, impaled by this procedure. 
Furthermore, anatomically, it must destroy the nutrient artery. 

4. Arthrodesis of the Wrist. In old scaphoid fractures with arthritic changes in the 
adjacent carpal articulations, any surgical procedure short of arthrodesis of the wrist is 
futile. Arthrodesis offers freedom from pain and a strong wrist, if adequately done. It is 
true, dorsiflexion and volar flexion are lost, but supination and pronation, which are far 
more important, are preserved. The procedure of choice is the bail graft, described by 
Brittain. It really works beautifully, but Brittain has neglected to mention, in the de- 
scription of his operation, the necessity of eliminating all available articular cartilage. 

* This instrument will be found most useful in m.my open operations on bones and joints. It would seem 
to have been devised by a surgeon of St. Thomas’s Hospital in London in the years gone by, and named by 
mm after his Hospit.al. It is something like a raspatory, about eight inches in length, with a .'•lightly curved 
and rounded blunt tip and a fenestrated handle. One may poke about «ith it in all manner of places without 
doing damage. 
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Analysis of Series 

Of the 115 cases in this scries, seventy-seven were treated from the beginning, and 
could be considered fresh fractures. It is interesting to note that of these, sixty gave 
excellent results by adequate immobilization; the remainder of the group were still under 
treatment when the author left the station. When first seen, thirty-eight had been with- 
out treatment for a month or longer (in some cases, even years after the original injury). 
In this group the following complications were found: arthritic changes in fourteen, cystic 
degeneration in twenty-two, and aseptic necrosis of the proximal fragment in two. Of the 
115 cases, only four resulted from aircraft crashes. Ninety-three were fractures at the 
waist, fifteen were distal to the waist including the tubercle, and seven were in the proximal 
third of the bone. 


FRACTURES OF THE HE.VD OF THE RADIUS 

Pathology 

The radiohumeral articulation is a precision joint; the slightest eccentricity, caused 
by tilting of the head, limits its function. Nor is there an}'- room between the head of the 
radius and the capitellum for any extraneous material, — such as that produced by a frac- 
ture through the head. It would seem logical, then, that a damaged or tilted head is a 
detriment to the function of the joint, and should be removed. This was our very defi- 
nite conclusion in this series, with the reservation that, if the fracture is not fre.sh, a good 
result — such as one obtains in excision of the head following a fresh fracture — is not to 
be anticipated. 

The patients who were not operated upon came early in the series, and were considei'ed 
to be borderline cases at that time. Their convalescence was so tedious that we wished, 
in the light of our later knowledge, that we had done an early exci.sion of the head. The 
incidence of visible damage of the capitellum, as seen at operation and not visible roent- 
genographically, was striking. On reflection, it is a logical result of the injury. Either 
the head of the radius strikes the capitellum or the capitellum strikes the head of the 
radius. If there is suJfficient force to damage the head of the radius, so that the damage can 
be seen in the roentgenogram, then there must be some damage to the capitellum. When 
both are damaged, dysfunction must result. 

Why fractures of the head of the radius are so extraordinarily common in the Service 
is not clear. Two factors, at least, contributed in no small way to our series, — falls from 
bicycles and falls during the blackout. Falls in the blackout were extremely common, 
and not infrequently resulted in fractures of the scaphoid or of the head of the radius. 
Bicycles were in exceedingly common use. Oddly enough, the bicyclist not infrequently 
falls with the elbow underneath him, and not on the outsti-etched hand; it is in these ac- 
cidents, almost invariably, that the most severe damage is done to the articular surface of 
the capitellum. 

Treatment 

The fresh fracture in patients beyond the growth period is really not a problem. 
Excision within a week or so of injury is advocated; and the excellent results obtained 
justify the treatment. The old fracture, Avith organized transudate within the capsule, 
with limited movement, and Avith pain at the extremes of the arc of moAmment, is a real 
problem. One may easily correct the mechanical disadvantage of an irregular or ec- 
centric head, but, so far as I am aAvare, there is no solution for the problem presented by 
changes that have taken place in the capsule. 

Operation. With the elboAV flexed to about 90 degrees and the forearm pronated, the 
shortest possible incision, 3 to 3.5 centimeters, is made, a.xial in direction and lateral to the 
head of the radius. It is so placed that the joint leAml is appro.ximately at the junction of 
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common. This is one of the most important items in Dr. Meekison’s paper. His statements are confirmed 
by the e.\'perience of the Canadian Army. I know from my e.\'perience and from conversation ivith Lieuten- 
ant Colonel Shands that fracture of the carpal scaphoid in men undergoing training is a common experience. 

The next item of importance is that the fracture is easy to overlook. Often the injury is diagnosed as a 
Sprained wrist and it is not until considerably later that the fracture is demonstrated by roentgenogram. I 
tjave come to believe that the lesion of sprained wrist is very uncommon. Far more frequently what is called 
“sprained wrist” is a fracture of the carpal scaphoid. It is a sound rule that patients who seem to have a 
sprained wrist should have a roentgenographic examination to determine whether or not they have a fracture 
of the carpal scaphoid. 

Wlien we state that fractures of the carpal scaphoid are of common occurrence and that they can be 
recognized on the roentgenogram, it should be clearly stated also that sometimes the initial roentgenogram 
fails to reveal the fracture. If symptoms persist, following an injury to the wrist in which the initial roent-' 
genogram was negative, another roentgenogram should be taken in ten days to three weeks. Often, the later 
roentgenogram will reveal the line of fracture which failed to show in the earlier roentgenogram. 

The treatment which Dr. Meekison has outlined (early and adequate fixation carried out for a reason- 
able length of time) is simple and satisfactory; this will result in union in virtually every case, unless there has 
been considerable displacement of the fragments. 

Recently Colonel MacFarlane, who, you will remember, addressed this Association three years ago, 
has published the results of 300 cases occurring in the Canadian Army in England. One of his important 
conclusions is that early and adequate fixation invariably resulted in fusion. My behef is that the knowledge 
of the frequent occurrence of fracture of the carpal scaphoid in young males and the necessity of early recog- 
nition and adequate early treatment by prolonged and proper fixation will eliminate the problem in which we 
originally were so much interested, — namely, the treatment of ununited fractures of the carpal scaphoid. 
That, as Dr, Meekison said, is a difficult problem, but it can be eliminated as a problem by early recognition of 
fresh cases and their adequate treatment. 


Major Joseph E. Milgrasi, Clinton, Iowa: I would like to confine my remarks to the difficult group 
of cases — non-union of the carpal scaphoid — and suggest a new procedure, which by this time, possibly, is 
being performed by a number of us, all unknown to one another. 

I have difficulty in fixing properly the small proximal fragment with a cortical avascular osseous graft. 
Consequently, in 1936, I commenced to denude the dorsal aspect of both fragments, hollowing them, par- 
* ticularly the proximal one, and packing the continuous cavity so created with cancellous bone. Originally, 
1 1 removed the packing bone with a hollow punch from the greater trochanter of the femur, using a stab wound 
afor the purpose. More recently, the bone has been obtained through a hinged trap door beneath the crest of 
gj.he ilium. After hollowing the fragments with drills of increasing diameters, curettes, and slow-speed 
'ental burrs, and packing them with bone, I have preferably not closed the avascular capsule over the site of 
^ nplantation, but have simply closed the subcutaneous tissue. The gripping position compresses the can- 
^‘:ellous plug. I have had the opportunity of doing only ten cases, nine of which have united with a bony 
abridge across the gap. In one, aseptic necrosis of the proximal fragment has persisted. So much for this 
thmall group. 

Incidentally, I have not been convinced that every non-union of the carpal scaphoid merits intervention 
^Sometimes, I think we are influenced too much by roentgenographic findings. I have seen a symptomatic 
non-union of the carpal scaphoid persist without arthritis; and, in another case of non-union, I have observed 
apparent union occur years later, spontaneously. Furthermore, at operation for old non-union, the articular 
daartilage has often shown little or no evidence indicative of the presumably inevitable arthritic changes 
thirophesied. Often, there is little correspondence between roentgenographic appearance and function. 


Dr. D. M. Meekison, Vancouver, British Colu-mbia, Canada (closing): Dr. Milgram, I do not think 
one-grafting for non-union is always necessary. I have seen more than one patient with a completely un- 
Pjinited scaphoid, who has completely normal function. One was my own radiographer in England. He 
las full use, although he had complete non-union. 
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Results of One Hundred and Fifty Consecutive Arthrotoaiies 
Performed at a Station Hospital 

BY MAJOR william F. STANEK 
j\Iedical Corps, Army of Ihe United Stales 

Injuries to the knee, both recent and old, constitute one of the major problems of 
orthopaedic surgery in the Army. As a result, there is much discussion of the advisability 
of performing surgery for internal derangements, e.specially those which have e.xisted prier 
to the soldier’s entry into the Service. Some surgeons assert that few soldiers so operated 
upon return to full duty. 

Knee surgery can be performed by competent surgeons under the conditions found 
in a well-run operating room, without undue danger to the patient. Under no other cir- 
cumstance is any elective surgery justifiable. In the cases reported, there was no instance 
of infection, and no patient was subjectively worse following operation. Full motion has 
not been regained in all cases of fracture, and, in one case, in which a hemangioma was 
removed, there was marked loss of fle.xion. The routine use of a narrow Esmarch tourni- 
quet resulted in two transient paralyses. 

The criticism that these mon do not return to duty is difficult to answer. The patients 
whose cases are reported have been followed closely during their stay at Camp Crowder. 
Further follow-up has been difficult, but has been successful in many instances. Where 
it is probable that the man has been discharged from the Service, because of change in 
regulations, this fact has been noted in the tables. The last patient in the series was oper- 
ated upon four months prior to the writing of this paper, and the longest detailed follow-up 
has been twenty-one months. The “follow-up” given in footnotes to each table is the 
average length of time in all cases between operation and the last recorded hospital visit or 
discharge from Service. The review showed that when both patient and surgeon were 
satisfied with the result, the check-up visits were few. When the result was unsatisfactory 
to the medical officers, especially when the man also Avas dissatisfied, overseas clearance 
could not be given, suitable duty assignments were difficult to find, and the follow-up rose 
from 3.2 months in Class I to 12.5 months in Class IV. 

Surgery in the Army has been likened many times to civilian compensation work. 
This does not give a true picture of the prevailing conditions. The discrepancy between 
the results obtained in private practice and in insurance practice is e.xplained by the desire 
of the patients in the latter group to obtain money without working for it, and failure to 
recover is thought to be due to their hope of receiving a cash settlement. Continuance of 
pay while in the hospital may prolong a soldier’s convalescence, but I do not believe that 
many soldiers, while under treatment, give thought to later claims against the Govern- 
ment. They may, hoAvever, desire discharge from the Army, and frequently fall back on 
their operation as a means of obtaining discharge or of avoiding distasteful duty. 

To properly appreciate the final results in these cases, it must be realized that they 
have been reached under changing regulations and directives. It can readily be seen that 
fluctuating physical standards operate to permit the discharge of certain of the men on 
Avhom knee surgery has been performed, and their loss from the Service should not be 
charged to the surgery done. Those patients marked on the tables “discharged as un- 
skilled” had all been previously classified for limited duty only. 

One hundred and fifty arthrotomies have been reviewed. These cases have been 
divided into six classes, in order that they might be more readily evaluated. The first 
seventy-five cases Avere originally tabulated in January of 1943, and included the patients 
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operated upon between April and December 1942 (Group 1). On the basis of the results 
obtained, certain changes were made in the type of case considered for operation. The 
second series of patients were operated upon between January and October 1943 (Group 
2). By showing the first and second seventy-five cases separately, it is hoped to empha- 
size this change. The more interesting and unusual cases have been briefly abstracted. 

A few technical considerations should be emphasized. In every case, exploration of 
the anterior chamber of the knee has been continued until definite pathological changes 
have been located, or a thorough examination has been completed. Negative, as well as 
positive findings, have been recorded on the operative sheets, a fact of considerable im- 
portance in the later evaluation of several of the cases. Where a meniscus has been re- 
moved, as much of it has been taken out as could be obtained through an anterior incision. 
IVhen it has been thought that the remaining portion might cause later difficulty, a Hen- 
derson incision has been used to obtain the remainder of the meniscus. In simple cases of 
injury to the meniscus, sheet wadding and muslin dressings have been applied, quadriceps- 

TABLE I 

Class I. Major Changes in Soft Tissue 


Group 1* (Cases 1 through 75) 


Location of Injury 

Case No. 

No. of 
Cases 

i 

Disposition 

Injury to the meniscus 


23 

Full duty 

25 

1 

Discharged as psychonourotio 


38 

1 

Disability discharge 


40 

1 

Overage discharge 


63 

1 

Limited duty 

Injury to the meniscus and hypertrophy of the fat pad 


3 

Full duty 

Injury to the meniscus and rupture of a cruciate or col- 


62 

Full duty 

lateral ligament 

29 

1 

Discharged as unskilled 

50 

1 

Limited duty 

Injury to the meniscus and mild arthritic change 


5 

Full duty 

37 

1 

Discharged as unskilled 


23 

1 

Discharged as unskilled 

Injury to the ligaments or fat pad, without damage to 

27 

1’ 

Limited duty 

the meniscus 

47 

1' 

Full duty 


Group 2* (Cases 76 through 150) 


Injury to the meniscus 


39' 

Full duty 


135 

1 

Discharged as psychoneurotic 

Injury to the meniscus and hypertrophy of the fat pad 


ID 

Full duty 

112 

1 

Disability discharge 

Injury to the meniscus and ruptuic of a cruciate or col- 
lateral ligament 


5' 

Full duty 

Injury to the ligaments or fat pad, without damage to 
the meniscus 

132 

D 

Duty 2 


'The postoperative follow-up of the patients returned to duty was 3.6 months; the pootoperati\e 
follow-up of those who were on limited duty or were discharged was 7.1 months. 

- These cases include one case of tear of the posterior cruciate ligament, one incomplete and three 
complete ruptures of the anterior cruciate hganient, and one of moderately relaxed tibial collateral ligament. 
’ In this case, there was a tear of the anterior cruciate ligament only. 

^ In this case, there was hj’pertrophy of the fat pad only. 

‘ The postoperative follow-up was 3.2 months. 

‘ In one case, calcification was present in the region of the tibial collatcr.il ligament. 

■ The fat pad was removed in hve eases. 

* These cases include one case of relaxed fibular collateral ligament, one c.ise of rehixcd tibial coll.iter.-d 
ligament, and three cases of complete rupture of the anterior cruciate lig.iment. 

’ The soldier, although not reclassified, is knowai to be in a job not requiring maximum a-e of the knee. 
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setting exercises have been started on the first postoperative day, and the man has been 
allowed up without crutches as soon as he could raise his leg unassisted from the bed. 
This has frequently been on the second or third postoperative day. No attempt has been 
made to repair torn cruciate ligaments. 

A few typical cases from Group i, Class I, follow: 

Case 25. Tlie patient, aged twenty-five years, entered the iiospital witli an acutely swollen knee. He 
gave no history of injury prior to entry into the Service. Fle.\ion was blocked, and, on operation, a tear in 
the posterior quadrant of the medial meniscus was disclosed. He regained full motion, and had only 0.6 of a 
centimeter (one-quarter of an inch) of atrophy of the thigh. In spite of the original history given, he later 
asked the surgeon to sign papers which would support a claim that he had been injured at his last place of 
civilian employment. He refused to do duty, and was referred to the psychiatrist to determine whether he 
was psychoneurotic or a malingerer. He was discharged under the former diagnosis. 

Case 3S. The patient, aged thirty-si.\ years, was injured in the Army. The lateral meniscus, which 
was torn in the posterior quadrant, was removed. An oi)erative note said, “slight fraying of the articular 
surfaces”. Full motion was obtained; there was no swelling, but there was 1.25 centimeters (one-half of an 
inch) of atrophy. Subscquentlj' he continually complained, and the Disposition Board granted a disability 
discharge, because of the operative note, making a diagnosis of early arthritis. (From the surgeon’s stand- 
point, this patient had a good result.) 

Case 63. The patient, aged thirty years, had a definite history of knee injury, and a bucket-handle 
tear of the medial meniscus was found on operation. Si.v montlis after operation, there was no swelling or 
limitation of motion in the knee, and no atrophy. He had many complaints of pain in both knees, and was 
given a limited-service classification, as a means of getting him into work he liked better. A subsequent 
change in regulations made this man available for full duty. 

Case 50. The patient, aged twenty-four year’s, injured his knee in 1940, while in Service. Both 
menisci and the anterior cruciate ligament were torn. There was mild arthritic change. He was of value 
as an instructor, and is of such character that he will carry out his duties in spite of disability. His condition 
was improved by operation. Limited service was recommended to permit bis continuing as an instructor. 

The lessons taught by a review of the first group of cases are rather strildng. 'Of 
forty-seven patients in Class I, six were discharged, while three more, reclassified to limited 
duty, might have been discharged, if the commanding officers had desired, on non-medical 
grounds (as unskilled or unable to do a full day’s work). It was evident that men having 
meniscus injury only do return to full duty. When the man is an.xious to continue as a 
soldier, there is no difficulty. When he is inclined to shirk, he can be kept at duty as any 
other individual with no objective findings but many complaints, provided exploration of 
the knee has been thorough, so that the surgeon is certain no pathological changes have 
been overlooked. 

Where more than injury to the meniscus is found, the difficulty in keeping a man a 
duty increases. Those with tears of the cruciate ligaments can be returned to duty 
but where damage to the collateral ligaments or mild arthritic change is diagnosed preopei 
atively, operation is warranted only if the man is of military value and has a marked desir 
to be a soldier. Otherwise, in spite of operative improvement, he will probably be eligibl 
for a discharge at some time. If a man Avith a knee of this type continues to complain, th 
surgeon cannot in honesty force him to duty. 

In the second group of cases in Class I, fifty-six out of fifty-eight patients returned ti 
duty. Two cases are of interest. 

Case 93. The patient, aged twenty-four years, had been injured while playing football. At a previous 
operation the medial meniscus had supposedly been removed. He complained of pain and “popping” in tlii 
knee. He had drawer-forward sign, a mildly relaxed tibial collateral ligament, and a palpable mass in th< 
posteromedial part of the knee, which was thought to be the back half of the previously partially removet 
meniscus. At operation, an entire meniscus (not believed to be regenerated), shoAving a tear, Avas removed 
and the tibial collateral hgament Avas plicated. Because of complaints of pain, he Avas given limited duty 
Later he was seen by three officers at a swimming pool. For an hour and a half he did fancy dives, acted 
understander for another man to dive from his shoulders, and finally did tricks in the trapeze rings, hanguif 
from heels and knees. Seeing one of the officers at the end of the performance, he admitted the knee was 
for full duty, and he has not returned since. 
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TABLE II 

Class IL Major Pathological Changes in Bone or Articular Cartilage 


Group 1 * 


Condition 

Case 

No. 

Associated Pathology 

Disposition 

Comment 

Loose Bodies 

Torn Meniscus 

Arthritis 

Tear of Cruciate 
Ligament 

Osteochondritis 

Osteochondritis 

18 

1 


Yes 



Full duty 

A sergeant with a keen desire to 

dissecans 








do duty. 


28 

2 

Yes 




Full duty 



56 

1 





Duty* 



60 

3 





Limited duty 

One body left in posterior com- 









partment. 

Erosion of under 

24 






Discharged as 


side of the 







unskilled 


patella (chon- 

36 

4 

Yes 


1 


Duty* 

Patella not smoothed. 

dromalacia) 

44 

4 





Duty* 

Patella smoothed. 


42 






Full duty 

Only a slight roughening of patella. 


64 


Yes 




Disability 

Not improved by operation; pa- 








discharge 

teIJa not smoothed. 


66 


Yes 




Full duty 

Patella smoothed. 


67 

6 





Duty* 

One loose body missed; no at- 









tempt was made to remove one 









in popliteal space. 


75 


Yes 




Full duty 

Only slight roughening of patella. 

Loose body (re- 

34 






Full duty 


moved without 

65 






Full duty 


thorough ex- 









ploration) 









Osteochondroma 

26 


Yes 




Duty* 


protruding 









into the knee 










Group 2 - 


Osteochondritis 

86 

1 


1 

1 


Duty ’ 

Loose body removed; no com- 

dissecans 







plaint about knee. Unofficial 
information indicates he re- 










ceived overage discharge at 
another camp. 


94 

1 





Full duty 

Loose body removed. 


96 






Limited duty 

Area of recent destruction. 


128 

1 





Full duty 

Patient says “knee perfect”. 


145 

1 





Full duty 


Erosion of under 

82 

1 

Yes 


Yes 


Linuted duty 

Patella smoothed and meniscus 

side of the 






removed. 

patella (chon- 

95 

1 

Yes 


Yes 

Yes 

Duty* 

A sergeant of e.xtreme value to Ids 

dromalacia) 






company. 


125 






Duty * 


Osteochondroma 

121 






Full duty 


protruding 
into the knee 







j 



* Postoperative follow-up of the patientsreturnedtoduty was4.3months;thopostoperativefollow-up of 
those who were on limited duty or were discharged was S.O months. 

’ Postoperative follow-up was 5.2 months. 

The patient has probably been discluorged, but no record is available. 

* The soldier, although not reclassified, is known to be in a job not requiring nuiximum me of the knee. 
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Case 112. The patient, aged twenty-one years, complained chiefly that his knee locked and popped. 
He gave no history of difficulty prior to entering the Army. There were no physical findings except 0.9 of a 
centimeter (three-eighths of an inch) of atrophy of the thigh. A medial meniscus, \vith a loose anterior end, 
and a hypertroijhied fat pad showing areas of calcification were removed. Postoperatively, a popliteal cyst 
appeared. He continued to comi)lain of the cyst and also of cardiac pain. Because of his general attitude, 
further operation was believed inadvisable. He was transferred to a general hospital, and received a dis- 
ability discharge because of the popliteal cyst. 

One factor in the results is not apparent. During the period that this second group 
was under treatment, a Reconditioning School was set up. The patients with knee in- 
juries were subjected to intensive physiotherapy, designed primarily to actively build up 
the quadriceps. During the course, military drill was stressed, and, in the final two 
w^eeks, the men went over a difficult obstacle course. During their last week, they 
marched a minimum of fifty miles. The man did not return to his unit until six or eight 
Aveeks after operation. Unless a soldier could produce objective findings, he had difficulty 
in convincing the surgeon he could not do duty, if he had completed this course. 

Review of the cases in Class II is of especial interest (Table II). 

Case 64. The patient, aged twenty-one yearn, gave a history of pain and swelling of the knee, which 
developed after he had entered the Army. Operation revealed hypertrophy of the fat pad, tear of the medial 
meniscus, and marked chondromalacia of the patella. The patella was not smoothed. He regained full 
motion, but later complained of pain in both knees. He felt he was not made worse by the operation, but 
was not improved. After adequate trial at duty, in which he cooperated fully, he was granted discharge for 
disability. 

Case 67. The patient, aged twenty-six years, had injured the right knee, playing football, at the age o 
sixteen years. There had since been intermittent swelling and pain. Roentgenograms showed five loosi 
bodies in the suprapatellar pouch and one in the popliteal space. At operation, marked chondromalacia o 
the patella was found. The loose bodies were in distinct pockets in the suprapatellar pouch. The patella was 
smoothed, and four loose bodies were removed; the last one in the anterior chamber could not be located 
The patient returned to duty, and complained only of occasional catching. One year later, a second attempt 
was made to locate the final loose body in the anterior chamber, but it slipped into the posterior chamber, 
At operation, roentgenograms taken with a portable machine did not locate it, and it has given no furthei 
trouble. Exploration showed the patella to be smooth, and the cartilage to be of good color and well regen- 
erated, with no evidence of chondromalacia. No evidence of damage to adjacent femoral cartilage was found. 

Case 96. The patient, aged eighteen yearn, had an operation to remove an area of recent osteochon- 
dritic involvement from the bearing surface of the femur. Subsequently he complained of inability to drill. 
An attempt was made to discharge him as being below the minimal standards. Because of his value as a 
secretary, he was retained in Service, but was not required to drill or do other physical work. Recently, his 
commander stated that he did not see why there had been so much fuss to keep this man from doing physical 
work, since in the evening he was one of the outfit’s best basketball players. 

Case 125. The patient, aged nineteen years, had chondromalacia of the patella only. Operation pro- 
duced no subjective improvement. He was from the Air Corps, and was returned to his own field in the 
hope that work which interested him would be found. He had full motion of the knee and no swelling. R 
is believed that this man will ultimately receive a discharge. 

Return to duty of the first four patients with osteochondritis dissecans was believed 
better than could be expected from a larger series. The continuance of good results was a 
gratifying surprise. With the exception of the patient with the acute case, all these men 
preoperatively were carrying on full duty, with a complaint only of catching due to a loose 
body. The old irregularity of the articular surface appeared to be of minor importance. 
In the light of our present knowledge, these cases will continue to be treated by surgery 

It is an old cliche that anything can be proved by figures. The cases in Class II, 
grouped under ‘'erosion of the under side of the patella (chondromalacia)”, are the only 
glaring instances where the separation of this series into classes distorts the results. Actu- 
ally no case was diagnosed preoperatively as chondromalacia of the patella. Swelling 
and pain, coupled with the finding of tenderness on tapping the patella or pressing around 
its edges, have often suggested the diagnosis, as has grating on patellar movement. The 
diagnosis before operation has usually been a torn meniscus or a loose body. In the eleven 
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TABLE III 

Class III. Cases Showing Severe Arthritis ' 


Group 1 



Associated Pathology 



Case No. 

Loose Bodies 

Tom Meniscus 

Cruciates Torn 

Disposition 

Comment 

39 

45 

3 


1 

I 

Limited duty “ 

Limited duty. 
Discharged 
as unskilled 

Loose bodies removed. 

Old fracture of the patella; patella removed. Some less- 
ening of pain on movement. 

70 

12 

Yes 

Yes 

Discharged as 
unskilled 

Slightly improved by operation. Meniscus and loose 
bodies removed. 

71 

1 

Yes 

Yes 

Discharged as 
unskilled 

Menisci and loose bodies removed; full motion present. 


Group 2 

97 



1 

1 , 

Disability 
discharge ' 

Arthritis of the patella and femur; adhesions of fat pad 
to tibia. Patella smoothed and fat pad removed. 
Patient had a mild tourniquet paralysis. Final result, 
no essential change from condition before operation. 


‘ The postoperative follow-up was 4.5 months. 

* This patient has probably been discharged, but no record is available. 


cases, six have shown meniscus inj ury ; five, including three with inj ury to the meniscus, have 
had loose bodies; and in only three has the patellar defect been the only finding. Eight 
patients remain on duty, while one other, listed as on duty, will probabl}'^ be discharged. 

These cases are difficult to evaluate. I believe this condition is more often an accom- 
paniment of old knee injuries than has been generally reported. In spite of the fact that 
two-thirds of our patients are still on duty, I do not believe that, if a preoperative diagnosis 
of chondromalacia of the patella is made, the operation should be done in the Alilitary 
Service. If the condition is found at operation, the patellar cartilage should be smoothed. 
Removal of the patella is not a suitable procedure in the Army. Regardless of the result 
obtained, it is probable that the psychological effect would preclude the returning of most 
men to duty. 

Table III, summarizing the cases in Class III, is self-explanatory. A man having 
arthritis of the knee of more than minimal severity cannot perform military duty. Each 
of these men had undergone combat training and had entered the hospital with a com- 
pletely disabled knee. In each instance, the condition was undeniablj’ aggravated in 
Service, and operation was undertaken to obtain the maximum benefit of hospitalization. 
The fact that not one of these five men is believed to be now in the Service is a warning of 
the danger of inducting a man with an arthritic knee. 

The results of treatment in the few cases of fracture in the region of the knee joint 
show the difficulty experienced in returning men with these fracture.s to duty, especially 
those with fractures of the tibial plateau (Table IV). The failures are not entirel}' ex- 
plainable on the basis of the injury alone. Wherever it has been necessary to immobilize a 
knee postoperatively for any length of time, atrophy”- of the thigh and limitation of motion 
have been the result. It has not been felt that the limitation has been sufficient in any 
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TABLE IV 
Class IV. Fuacturbs 


Group 1 ‘ 


Case No. 

Type of Fracture 

Disposition 

Comment 

2 

Tibial spiue 

Duty ^ 

Held with vitallium screw. 

8 

Tibial plateau 

Disability 

discharge 

Patient also had peroncal-ncrve injury. Plateau held b] 
screw. Arthritis developed. Foot-drop persisted. 

30 

Tibial spine 

Duty ^ 

Fragment sutured in place. Tourniquet paralysis devel 
oped. Excellent recovery. 

31 

Tibial spine 

Limited duty 

Fragment sutured in place. Patient has limitation o 
flexion to 75 degrees, and marked atrophy of thigh. 

51 

Compound fracture 
of patella 

Disability 

discharge 

Small, lower-pole fragment removed. Patient also hac 
compound fracture of the anlde. Discharge was grantee 
for this, not for knee. 

74 

Medial plateau of 
tibia 

Disability 

discharge 

Fixation by screw. Patient had many complaints. Then 
was full extension, flexion to 75 degrees. Roentgeno- 
grams showed mild traumatic arthritis. 


Group 2 - 


76 

Fracture of the me- 
dial plateau with 
dislocation of the 
knee 

Disability 

discharge 

Good reduction, but marked loss of motion. Fixation bj 
screw. 

80 

Fracture of the 
patella 

Duty ’ 

Patella was wired; it was refractured at seven weeks in a 
fall from the bed and required rewiring. 

89 

Old fracture of 
patella with 
j malunion 

Full duty 

The lower fragment (one-fourth of the bone) was removed. 


' The postoperative follow-up of the patients was 12.5 months. 

2 The postoperative follow-up of the patients was 7 months. 

3 The soldier is known to be in a job not requiring maximum use of the knee. 


instance to warrant quadricepsplasty, but, in several instances, it made return of the 
patient to duty difficult or impossible, in spite of prolonged physiotherapy. Case 74 
illustrates other factors complicating the results. 

Case 74. The patient, aged forty-two years, had been in Service two months when he fractured the 
medial table of the tibial plateau in a twelve-foot fall from a pole. Tlus man had had no previous pole- 
climbing experience. The meniscus was removed, and a screw was used to hold the tibial plateau in place. 
He obtained full e.xtension and flexion to 75 degrees. There was 2.5 centimeters (one inch) of atrophy of the 
thigh and no lateral instability. Roentgenograms showed an excellent reduction. Tliis man was a model 
hospital patient, but, on return to duty, he became a disciplinary problem. I believe his age and fear of 
further injury, as well as residual disability, underlay his difficulties. A man desirous of continuing in the 
Service would have done duty with the loiee condition present. In this man, however, the disability was 
sufficient basis for a disability discharge. 

Few purely exploratory operations have been done (Table V); fewer should be done 
in the future. Exploration in each case was thorough, and the one patient granted a 
disability discharge did have considerable difficulty clinically. The three patients marked 
“duty” are not good soldiersi They have been seen many times with many complaints. 
Probably one man (Case 22) would have been under treatment in civilian practice. These 
patients illustrate how frequently psychoneurosis is found in the Army, and the necessity 
of making as definite a diagnosis as possible before operation. If a diagnosis cannot be 
made, disposition should be accomplished without exploration. 

In Class VI are grouped the cases which might be called unusual. Careful watch 
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TABLE V 

Class V. Exploratory Operations '■ 


Group 1 


ase No. 

Complaint 

Finding 

Disposition 

Comment 

43 

Indefinite knee 
complaint 

None 

Duty 2 

Exploration only. Patient has had no 
further knee complaints, but has been 
in hospital since for stomach com- 
plaints There were no orgamc find- 
ings Diagnosis was mild neurosis 

13 

Right knee 
“comes out of 
place” 

Relaxed anterior 
end of lateral 
meniscus 

Full duty 

Meniscus was removed. There were no 
objective findings, but patient still says 
something “comes out” on lateral side. 

22 

ICnee cap “pops” 
out of place 

Torn medial , 

memscus 

Disabihty 

discharge 

Meniscus was removed, and Campbell’s 
operation was performed to prevent 
possible dislocation of the patella Pa- 
tient cooperated, but knee continued 
to swell at intervals. Dislocation was 
never demonstrated, but there was 
much grating of the knee Condition 
was essentially unchanged by opera- 
tion Patient was discharged because 
of mild, symptomatic arthritis. 


Group 2 


116 

Locking knee 

Questionable tear 

Full duty 

Memscus was removed and knee was ex- 


of medical 


plored He later complained of hip 



meniscus 


pain, but there w'ere no findings The 
final diagnosis was mild psychoneurosis. 


' Postoperative follow-up was 12 months 

“ The soldier is known to be in a job not requiring ma\imum use of the knee 


TABLE VI 

Class VI Unusual Cases * 


Ilase No 

Complaint 

Findings 

Disposition 

85 

Both knees painful, right knee locks 

Fibrous mass, 5 by 18X18 centi- 
meters, loose m the intracondylar area 
of the right knee, left knee was nega- 
tive 

Limited 

duty 

106 

Mass in region of lateral ligament 

Fibrous mass, 2 by 1 5 X 1 0 centimeters, 
attached to the lateral meniscus 

Full duti 

117 

Tumorous mass beneath the patella 
The mass xvas painful (Patient had 
had 2 previous operations ) 

Hemangioma involving the fat pad and 
invading the patellar ligament 

Full duty = 


' Postoperative follow-up as 3 4 months 

“ The soldier w as on full duty u hen he left Camp Crow der, but the author doubts that he \\ ill bo able to 
do full duty 


has been kept foi discoid caitilages, cysts of the caitilage, and tumors of the stmovial 
membrane 

C\bE 85 The patient, aged nineteen jears, complained of pain in both knees ind locking of the right 
one A white, sausage-shaped mass was removed from the right knee, it was not attathed to the ',\no\ial 
membniie Clinically, it appeared fibrous, but, on microscopic examination showed cartikige and fibrous 
tissue The knee w.is otherwise normal Exploration of the left knee was earned out betause of the findings 
in the right No abnormality was found 

CxseIOG The patient, aged nineteen j ears, gaxe a historj of-exere twisting injurx to the knee, which 
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had occurred six years before operation and had kept him in bed for one month, tfe complained of swelling 
on the lateral aspect of the knee. On examination, there was a hard mass in the region of the fibular collateral 
ligament, and, in the roentgenograms, a wide interspace was noted on the lateral side. At operation, a 
fibrous mass 2 by 1.5 by 1.0 centimeters, found attaehed to the lateral meniscus, was removed, together with 
the meniscus. Six months later, he had slight swelling of the knee, full motion, no atrophy, and no abnormal 
mobility. In the pathological examination, unfortunately, the mass was ignored, and only the findings in 
the meniscus were reported. 

Case 117. The patient, aged twenty-four years, had had a tumor removed from the region of the left 
knee at the age of six years. This had r-ecurred and had been again removed at the age of thirteen years. 
Thereafter, swelling had appeared whenever the knee was brrrised. On examination, there were two opera- 
tive scars medial to the patella, and a swelling, which felt cystic, was noted in this area. A larger mass could 
be felt beneath the patella. At operation, the tumor was found to involve the old scar and the fat pad, and 
to have infiltrated the patellar tendon. E.xcept for a small portion in the tendon, which could not be obtained 
without removal of the tendon, the tumor was removed completely. A defect in the capsule, 2.5 centimeters 
(one inch) square, was created, which could only be closed with a free fascia graft. The cast was removed 
after thirty days. Five months after operation, the patient had full extension, and fle.xion to 95 degrees. The 
only excuse for this operation was that the man appeared to bo of military value. He returned to duty in 
spite of his residual disability. 


SUMMARY 

In 150 consecutive knee arthrotomies, 105 cases showed injury only to the menisci, 
ligaments, or fat pad. Eight 3 ''-six torn medial menisci and fifteen torn lateral menisci 
were removed. Two cases showed tearing of both menisci. Fifty-four bucket-handle, 
twenty anterior, ten posterior, and three minimal tears (loose anterior attachments) are 
recorded. In the remaining cases, no accurate description of the portion of the meniscus 
injured is recorded. In this group of patients, ninety-seven returned to some type of duty. 

In twenty-four cases, disorders of the bone and articular cartilage were shown. 
Of nine patients with osteochondritis dissecans, eight are believed at duty, while of eleven 
patients with chondromalacia of the patella, eight are probably still in Service. 

Only five patients Avith severe arthritis were operated upon, and none of them are 
believed to be in the Army at present. 

Nine patients with recent or old fractures involving the patella, tibial spine, or tibial 
plateau were operated upon. Five of these men have been returned to duty. Three men 
Avith fractures of the tibial plateau have been discharged for disability. The last man of 
the group Avas discharged for an ankle disability. 

Of the remaining patients in the series, those operated upon primarily for diagnosis 
have shoAvn poor results, the final diagnosis in most cases being psychoneurosis. Three 
unusual cases Avere found, and have been described in detail. 

CONCLUSIONS 

Patients Avith tears of the menisci, I believe, are suitable for operation in the Army, 
and a high percentage of these patients return to duty. The presence of injury to a cru- 
ciate ligament does not markedly alter the recovery rate, but the presence of injury to 
one of the collateral ligaments, or of chondromalacia of the patella gives a poor prognosis. 
Where diagnosis of these latter conditions is made preoperatively, operation should not be 
undertaken in the Military Service. 

Cases shoAving loose bodies are suitable for operation, provided the only articuliw 
defect noted is that of an old osteochondritis dissecans. The presence of arthritis of the 
knee of any degree, shoAvn either clinically or by roentgenogram, makes it unAvise to oper- 
ate, unless the man is of extreme military Amlue. 

Fractures of the tibial plateau offer a poor prognosis as to return of the soldier to 

military duty. 

Finally, it is my conclusion that the majority of our mistakes have arisen from over- 
enthusiasm and from lack of appreciation of the rigors of military service to Avhich a mim 
must return. 
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INTRODUCTION 

The methods commonly used in studying the healing of bone leave much to be 
desired. Studies employing roentgenograms, histological sections, clinical impressions, 
the e.xperimental breaking of bones, et cetera, have added to the understanding of the 
healing of fractures, but each method has certain disadvantages. 

In order to study better the metabolism of strontium and phosphorus in healing bone, 
radiostrontiumf (Sr*®) and radiophosphorust (P*®) were used. Radiostrontium was 
chosen, because, in the Periodic Table, it is closely related to calcium and behaves phys- 
iologically in a manner similar to that substance, but, for technical reasons, is more 
lonvenient to use than radiocalcium (Ca^*). Chemically and physiologically, radio- 
itrontium and radiophosphorus behave identically with the non-radio-active substances, 
md have the advantage that they can be used in “tracer” doses, — that is, in amounts 
ihat can be identified readily, but do not influence normal physiological processes. Both 
'adiophosphorus and radiostrontium give off beta particles of approximately the same 
mergy value, which can be measured easily i\dth a Geiger-Miiller counter. 

Methods were devised to determine the uptake of phosphorus and strontium by 
lealing bone, by means of which it was possible to study the changes in the mineral 
netabolism from day to day, the relationship between phosphorus and strontium, and 
;he effects of age on the healing of bone. These investigations were made in vivo on 
rats; with certain modifications they could be applied to studies on the healing of bone 
in man. 

Cohen and Greenberg studied the uptake of radiophosphorus by bone in rats, partic- 
ularly in relation to vitamin Di. Treadwell and her associates studied the uptake of 
radiostrontium by normal and malignant tissues in human beings, and found that the 
strontium was retained wherever new tissue was being formed. Pecher showed that 
strontium, like calcium, is concentrated in the skeleton. The relative amount of radio- 
calcium and radiostrontium in bone and muscle was appro.ximately the same for both 
elements, although the retention of calcium was greater than that of strontium. He 
found that, in mice, radiostrontium and radiophosphorus were taken up by normal bone 
m the ratio of 2.3 to 1, which is in close agreement with the mean ratio of 2.6 to 1, found 
m our studies of adult rats (Table I). The rate of calcification in the healing of fractures 
in guinea pigs and rats has been studied by histological methods by Hertz and by Urist 
and McLean. 


METHODS 

Attempts to produce uniform fractures of the tibia of the rat proved unsuccessful. 
It was found, however, that uniform defects in the tibia could be obtained b}' the use of 
1 motor-driven circular saw. An incision from 2 to 4 centimeters in length was made in 
the skin of the outer surface of the leg, parallel to the tibia, and the skin was dissected 
away from the fascia covering the muscle until the tibia was exposed. Bj' sharp dis- 

. . * The work described in tliis paper was done under a contract recommended by the Committee on 
j^i®n_ical Research between the Office of Scientific Research and Development .and the University of Cali- 

t The terms radiostrontium and radiophosphorus are used in place of the more lengthy terms radio- 
active isotope of strontium or phosphorus or radio-active strontium or phosphorus.* 
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5 P^'AND Sr®^ UPTAKE IN HEALING BONE 

EVANS'* STRAIN 



Fia. 1 


section, the anteromedial aspect of the bone was then cleaned of muscle. With the saw, 
which was 6 millimeters in diameter by 0.75 of a millimeter in thickness, a cut was made, 
parallel to the long axis of the tibia, in the middle of the anteromedial surface, Avith the 
center of the cut at the level of the tibial tuberosity. Depth was controlled by allowing 
the saAV to penetrate until its a.xis touched the surface of the bone. The distance from 
the shaft to the perimeter of the saAV Avas 2 millimeters, so that the depth of the cut made 
was someAvhat less than 2 millimeters. The cut extended through the marroAV, but not 
into the cortex on the opposite side. The Avound Avas cleansed of debris by irrigation 
Avith sterile saline or Ringer’s solution, and the skin Avas closed Avith a continuous sutiu'e. 
After recovery from anaesthesia, the animals Avalked Avithout apparent discomfort, hi 
all cases, the radio-active solution (radiophosphorus as sodium acid phosphate or radio- 
strontium as strontium chloride) Avas given intraperitoneally 24 hours before measui'e- 
ments Avere made. 

To shield the Geiger-M tiller counter from beta particles other than those originating 
in the AVound or its immediate vicinity, a lead plate AAdth an aperture, 2 by 5 milhmetei’S, 
was placed on the leg over the position of the Avound. Some practice is needed in locating 
the bony lesion through the skin, although it usually can be felt either as a depression 
in the early stages, or as a slightly raised callus later. Several readings Avere taken, the 
lead shield being removed and reset each time to check for accuracy of the readings. 
The incision Avas then opened, the skin was retracted to expose the bone lesion, and the 
readings Avere taken Avith the aperture directly over the lesion. Similar readings Avere 
taken over the normal contralateral tibia. 
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has ii half-life of 14.3 days, and Sr®® of 55 days. Allowance is made for this 
difference in calculations of the radio-activity in the lesion and in the normal bone as 
percentage of the injected dose per gram. • Radiation effects on tissue are considered 
negligible, because of the small dose and the short time interval (24 hours) between 
injection and measurement. In experiments whore tlie radio-active elements are in the 
tissue for more prolonged periods, such effects may have to be taken into account. 

The Geiger-Miiller tube used for measuring the radio-activity was completely sealed 
in glass and had a thin glass window approximately 5 centimeters (2 inches) in diameter. 
It had a 400-volt plateau which assured independence of fluctuations in the line voltage. 
A scale of eight counting circuit was used, and the eighth pulse from the tube activated 
a mechanical counter, so that the counts for each reading were automatically recorded. • 
Before the tube was used in the experiments, it was checked with a cathode-ray oscillo- 
graph for uniformity in amplitude and for shape of the discharges (pulses). To minimize 
the amount of stray radiation (background), the tube was mounted inside a box with 
lead walls 5 centimeters (2 inches) thick. The lid and one side wall were hinged, so 
that the box could be opened at the side and top to introduce the animal and to orient 
the counter over the lesion or bone. Inside the box, the tube itself was encased in a 
brass cylinder, with walls 0.3 of a centimeter (1/8 of an inch) thick, to protect it from 
radiation originating from portions of the animal other than the region under investigation. 
The brass cylinder was mounted on a rack and pinion, so that it could be raised and 
lowered or fastened at any one position by the adjustment of a pair of knurled knobs. 
As previously mentioned, a lead plate was used to admit radiation into the counter 
window only from the 2-by-5 millimeter aperture over the lesion or normal bone. The 
anaesthetized rat was held on a block of wood, with the lead plate in position over the 
lesion. The block was then oriented, so that the aperture in the lead plate was centered 
under the counter; the cylinder holding the counter was then brought doAvn in contact 
with the plate; and readings Avere taken. 

Background readings Avere ahvays taken before and at the end of the readings from 
the animals. These readings agreed to Avithin a feAv per cent., and amounted to about 
30 counts per minute. As a precaution against the possibility of a change in its charac- 
teristics, the tube AAms checked against a uranium-oxide (UaOs) standard each day before 
readings Avere taken on the animals. Readings on the standard agreed Avitlhn 1 to 2 per 
cent., so that the repeated readings over the lesion and bone, mentioned preAuously, were 
primarily a check on the accuracy of orienting the aperture of the lead plate over the 
lesion. 

Since the number of counts obtained over the lesion or bone varied from 200 to 7,000 
per minute, it Avas necessary that determinations of the counting efficiency of the tube 
be made over the i;ange of rates encountered. The tube Avas, therefore, calibrated 
against a series of standards containing various amounts of UaOs. Since there is a 
possibility of error Avith the larger amounts of UsO^, due to “self absorption”, the tube 
was also calibrated against a series of carefully measured amounts of Na 2 HP 04 contain- 
ing P®®, prepared by dilution and evaporation to the dryness of a single original solu- 
tion of the phosphate. The calibration curve thus constructed covered a counting 
range of from 30 to 8,000 counts per minute. The counting rate observed Avas directly 
proportional to the amount of radio-activity up to a rate of 1,200 counts per minute. 
Above this rate, corrections Avere needed, the maximum corrections used being 14 per 
cent. 

An additional precaution may be mentioned. In experiments other than those 
described here, it Avas necessary to use counter tubes closed off at one end Avith a stopcock. 
These tubes shoAved no sign of leakage, and maintained uniform counting characteristics 
for several weeks. HoAvever, Avhen they Avere used on animals anaesthetized Avith ether, 
they changed their characteristics and lost their plateaux Avithin 10 minutes. This diffi' 
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culty disappeared ^\’■hen nembutal was used for anaesthesia. Apparently ether enters 
the counter through the stopcock grease. 

The amount of radio-acti^dty in the lesion and the comparable area of the normal 
contralateral bone was calculated as follows: 

1. The background reading was subtracted from the reading over the bone or 
lesion, and this value was corrected for counter efficiency from the calibration curve of 
the counting tube. 

2. The animals in any one group were not of uniform weight. Instead of adjusting 
the dose injected to the weight of each animal, it was assumed that all rats were of stand- 
ard weight, — that is, 400 grams for adult and 50 grams for young rats. The adult rats 
received 8 times as much of the radio-active isotope as the young; this was, however, the 
same dose per gram of weight. To correct for the variations in weight mthin each 
group, the reading, corrected for background and counter efficiency, as described, was 
multiplied by the ratio of the actual weight of the animal to the standard for the group. 

3. The number of counts in the injected dose was determined from a series of 
standards made of carefully measured amounts of different dilutions of the solution 
injected. 

4. The corrected reading over the lesion was then divided by the number of counts 
in the injected dose, allowance, of course, being made for decay. This gives the radio 
activity in the lesion as percentage of the injected dose. 

5. Instead of using as a basis for comparison the injected dose per animal, which 
was 8 times as great in the adult as in the young rats, the injected dose per gram rat, 
which was the same for both groups, was used. The values so obtained are the ones 
shown in the tables and graphs. 

The relation between the per cent, injected dose and the per cent, injected dose per 
gram may be illustrated as follows : 

R = corrected reading in counts per minute; 

I = injected dose in counts per minute; 

W = weight in giams of the animal (group standard); 

R 

Per cent, injected dose = y X 100 = Pi] 

Per cent, injected dose per gram = R 100 ~ y ^ 100 X IP = X IF = Po. 

In other words, the per cent, injected dose per gram rat is the per cent, injected 
dose multiplied by the standard weights for each group. 

6. The values for the ratios L;N and ELzEN are obtained directly from the readings, 
corrected only for background and counter efficiency, since the other corrections apply 
to both numerator and denominator. 


RESULTS 

The data are tabulated in the following tables in which L is the reading over the 
lesion before exposure, N the reading over the normal tibia before exposure, and EL and 
EN are, respectively, the readings from the e.xposed lesion and the exposed normal bone. 

The data presented in Table I are from animals which received 1 milligram or less of 
strontium chloride and sodium acid phosphate (tracer dose). 

Table II shows the result of injections which exceed tracer doses. Because the 
specific activity, — that is, Sr*^ per gram of strontium chloride — was low, these animals 
received 17.6 milligrams of strontium chloride. The lower percentage of retention in 
the bone is probably due to greater excretion when excessive amounts of strontium 
chloride were used. It is clear from comparison of columns EL in Tables I and II that 
the percentage of the injected do.se per gram retained in the lesion after the exces.-'ive dose 
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TABLE I 


COMl'ABISON OF THE UpTAKE OF RAUIOPIIOaPlIORUS AND RaDIOSTUONTIUM BY HeALINO BONE IN RaTS 
(Evans’s Strain), One Year Old, Weioiiing 260 to 550 Grams 


Post- 

Radiophosphorus (P^O 

Radiostrontium (Sr®’) 













Days 

L* 

EL* 

L:N* 

EL:EN* 

B 

EL* 

L;N* 

EL:EN* 

EL* 

EL:EN* 

2 

1.74 

3.04 

0.85 

1.24 

2.88 

5.27 

1.01 

1.35 




1.74 

2.16 

0.95 

1.07 

3.37 

5.74 

1.08 

1.25 




1.74 

3.16 

1.20 

1.78 

5.06 

8.15 

1.45 

1.67 




l.Gl 

2.11 

1.02 

1.00 

5.74 

10.70 

1.35 

1.72 








4.85 

6. 15 

1.61 

1.47 




1.71 

2.62 


1.27 

4.38 

7.20 

1.30 

1.49 

to 

1.17 

4 

1.92 

2.94 


1.47 

2.97 

5.94 

1.01 

1.17 




1.87 

2.91 

1.84 

2.22 

3.48 

6.43 

1.09 

1 . 55 




1.88 

2 . 42 

1.40 

1.62 

4.54 

9.31 

1 .75 

1.90 




1.82 

2.16 

1.49 

1.41 

4.16 

11.10 

1.95 

2.50 




1.58 

1.77 

1.18 

1.23 








1.81 

2.44 

1.38 

1.59 

8.79 

8.22 

l./,5 

1.78 

3.36 

1.12 

6 

2.95 

4.80 

2.11 

3.38 

9.56 

14.00 

2.92 

2.96 




2.96 

4.59 

2.32 

2.92 

8.98 

17.72 

1.52 

2.45 




4.23 

5.11 

1.84 

1.88 

8.20 

15.93 

1.93 

3.65 




2.68 

5.29 

2.00 

4.23 

8.26 

12.50 

2.78 

2.30 




2.45 

4.60 

1.63 

2.83 

5.31 

10.26 

2.03 

2.78 




2.70 

3.97 

1.81 

2.20 

6.81 

15.00 

2.69 

4.28 




3.00 

4.73 


2.91 

7 85 

14.24 

2.31 

3.07 

3.02 

l.Oo 

8 

4.08 

7.34 


3.10 

10.85 

22.46 

4.33 

4.37 




7.54 

11.17 

4.11 

5.35 

14.60 

29.20 

5.52 

7.11 




7.16 

7.95 

4.56 

4.12 

7.14 

11.16 

2.82 

2.48 




5.07 

9.66 

3.05 

4.72 








4.77 

8.56 

3.51 

6.29 








5.72 

8.94 

8.53 

4.72 

10.87 

20.94 

4.22 

4.65 

2.34 

0.99 

11 

5.20 

10.24 

3.86 

6.82 

12.24 


2.53 

3.36 




7.22 

13.86 

3.79 

5.39 

17.22 


3.29 

4.86 




6.50 

9.89 

4.69 

6.66 

15.85 

IBI 

4.14 

5.74 


. 


5.00 

8.14 

3.37 

4.88 








6.16 

10.68 

3.87 

6.33 








t5.34 

7.99 

2.58 

3.50 








5.90 

10.13 

3.69 

5.60 

15.10 

28.35 

3.32 

4.65 

2.80 

0.83 

13 

7.24 

11.75 

4.28 

5.79 

24.73 

41.60 

6.32 

6.75 




6.02 


4.16 

5.98 

21.90 

30.26 

6.50 

5.35 




4.98 

8.89 

3.94 

5.20 

17.58 

31.80 

3.54 

5.00 




8.24 

11.37 

4.61 

4.86 








5.69 


4.88 

7.55 








5.84 

8.79 


5.54 








6.34 

10.19 

4-31 

5.82 

21.40 

34.55 

5.45 

5.70 

3.39 

0.98 

15 

5.10 

7.98 

3.24 

4.88 

20.10 

50.50 

9.26 

11.23t 




12.32 

18.10 

5.68 

7.28 

14.20 

27.70 

3.14 

4.11 




8.32 

15.27 

6.31 

7.77 

21.50 

35.30 

3.67 

5.09 




5.55 

8.60 

3.38 

3.81 

15.03 

29.20 

5.26 

8.82 








15.95 

32.30 

5.93 

6 94 

' 







9.66 

23.45 

4.97 

7.24 








16.48 

36.38 

6.13 

8.94 








12.51 

26.10 

6.94 

7.88 








14.13 

30.60 

6.11 

7.47 








16.09 

23.27 

6.41 

7.43 




7.82 

12.49 

4.65 

. 5.94 

15.57 

31.48 

5.78 

7.52 

2.52 

1.27 
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TABLE I (continued) 


Post- 

Radiophosphorus (P“) 

Radiostiontiuin (Sr*®) 

Sr89.p32 

operative 











Days 


EL* 

L:N* 

EL.EN* 

L* 

EL* 

L-N* 

EL EN* 

EL* 

EL-EN* 

18 


8 86 

2 15 

3 46 

12 87 

22 40 

4 98 

5 45 





6 72 

3 06 

4 19 

11 42 

18 33 

4 66 

4 76 








12 82 

23 33 

2 82 





4 93 

7 79 

3 61 

3 83 

12 37 

21 35 

4 15 

4 74 

2 74 

1 24 

21 

2 79 

3 40 

1 92 

2 31 

bh 



3 99 




4 31 

6 72 

2 90 

3 68 


14 57 

1 92 

2 13 




4 35 

6 64 

2 26 

2 81 

11 83 

21 50 

3 58 





S 83 

5 59 

3 36 

3 93 

10 69 

18 76 

3 83 

3 73 

3 36 

1 2 


* The values for L, N, EL, and EN used in all the tables and graphs are in percentage of the injected 
dose per gram rat. 

f On inspection, lesion show ed little sign of healing. 

i Wound showed exceptionally laige amount of callus. 

The following calculations and then possible implication aie presented meiely as a further illustration 
of the usefulness of the technique 

The lesion is roughly 0.2 by 0 5 centimeters and, assuming a depth of 2 0 millimeters, has a volume of 
0 2 by 0 2 by 0.5 = 0 020 cubic centimeters. For a specific gravity of about 1, this wall be about 20 cubic 
milligrams of tissue. At the peak (the thiiteenth day), 34 55 per cent of the injected dose per gram rat was 
found in the lesion. This is 0.3455 by 10\ or 345 per 100 milligrams, or about 17 times as much as would 
be expected, if the injected solution were distributed umformly throughout the body and there weie no 
excretion. If excretion is allowed for, the concentration in the lesion is even greater Compared with this, 
the concentration m the lesion on the second postoperative day is only one-fifth, or about 3 times the concen- 
tration of the injected dose, if uniformly distributed Since EL EN on the second day is about 1.5, the 
normal bone has a concentration of 3 54 1 5 or about 2.4 times the injected solution. 


of stiontium chloride was only one-thiid or one-half that observed after the smaller dose. 
Nevertheless, the ratios of the readings over lesion and normal bone through undisturbed 
skin (L:N) and over the exposed a teas (EL:EN) are similar in both sets of animals. 

In the lats 1 month old (Table III), the radiophosphorus was given in tracer doses of 
less than 1 milligram of sodium acid phosphate, but it ivas found necessary to administer 
4.4 milligrams of strontium chloride, which is in excess of a tracer dose. The data in 
Tables II and III cannot be used, therefoie, to determine the absolute amount of stron- 
tium taken up by the bone under physiological conditions. Thus the ratio of radio- 
strontium to radiophosphorus does not represent the relative amount of each element 


TABLE II 


COMI’ABISON OF THE UPTAKE OF RaDIOFHOSPHORUS AND RaDIOSTHONTIUM B1 HeALINQ BoNE IN RaTS 

(Slonaker’s Strain), Weighing 250 to 350 Grams 


Post- 

operative 

Days 

Radiophosphorus (P”)* 

Radiostrontmm (Sr®®)! 

Sr8»:P“ 

L 

EL 

L N 

EL;EN 

L 

EL 

L:N 

EL.EN 

EL 

EL.EN 

0 


2 10 

1 03 

1 34 

1 36 

2 06 

0 83 

■BMI 

0 98 


4 


2 38 

1 11 

1 49 

1 90 

3 42 

1 52 

1 48 

1 44 


6 

1 93 

3 09 

1 63 


4 26 

5 51 

1 67 

1 93 

1 78 

0 92 

8 


5 27 

2 16 


7 73 

10 70 

4 S3 

4 62 


1 16 


4 GO 

6 83 

2 98 


0 45 

9 42 

3 67 

3 71 

1 38 

0 93 

12 

3 86 

7 93 


4 64 

7 48 


5 88 

6 97 

1 55 


15 

6 67 

11 73 

2 95 

4 69 

10 20 

lo 58 

5 77 

6 29 

1 33 

1 31 

IS 

2 29 

3 74 

9 94. 

«llMI 

8 82 



3 67 


1 19 


2 23 

3 09 

i 95 

2 72 








The values, foi poslopei.itivc davs 2, 4 10 ' 
postoperative iLijs 6, S, 12, and IS arc me ins of 
T All values, are meaiib of tw o animal 
ot S or 4 animals,. 


inrl .,r,» rni ails nf lime animals: .ind tlin-e for 


\oi .X.X\It XO 


JANUAUX 1913 
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TABLE III 

Comparison op thd Uptakd op RADiopno.spiiouub and IIadiostrontium hy Hdalino Bo.ne in Rats 
(Slonakdu’.s Strain), Onc Month Old, WiiiouiNa 50 to 70 Grams 


Post 

Iladiophosphoi us (P’-) 

Ilacliostronliuni (Sr®’) 

Sr®’:P“ 

opeiative 











Days 

L 

EL 

L:N 

EL;EN 

L 

EL 

L:N 

EL:EN 

EL 

EL:E'’ 

2 

1 52 

3 86 

0 11 

0 91 

2 24 

3 76 

0 82 

0 90 




3.31 

2 87 

1 32 

0 SO 

2 07 

2 SO 

0 61 

0.77 




1.83 

2 64 

0 80 

1 16 

2 24 

3.77 

0 60 

0.90 




1.50 

3.01 

0.55 

0 95 








2 00 

3 36 

0 90 

0 83 








2 03 

3 15 

0 SO 

0 93 

2 IS 

3 '/f 

0 69 

0 86 

1 09 

0 93 

j- 

2 01 

5 05 

1 19 

1 21 

2 SO 

3 57 

1 33 

1 20 




3 39 

5 50 

1 07 

1 51 

2 89 

4 11 

1 35 

1 48 




4 07 

5 91 

1 21 

2 10 








2 58 

3 98 

1 32 

1 19 








2 79 

4 06 

1 38 

1 16 








2 97 

A 92 

1 2 A 

1 SO 

2 So 

A 01 

/ 3't 

/ 3 A 

0 82 

0 90 

6 

4 14 

6 52 

1 30 

1 75 

1 97 

4 96 

1 77 

1 93 




3 72 

8 83 

1 01 

1 82 

2 99 

1 99 

1 13 

1 41 




3 88 

6 21 

1 81 

1 69 

4 32 

5 60 

1 22 

1 60 




2 72 

5 60 

1 24 

1 39 

4 IS 

6 16 

1 12 

1 48 




2 69 

3 46 

1 84 

1 81 








2 17 

3 33 

1 09 

1 31 








3 22 

5 68 

1 39 

1 63 

3 A', 

5 A3 

i A6 

1 61 

0 96 

0 99 

8 

2 94 

6 62 

1 44 

2 11 

4 56 

6 27 

1 59 

1 95 




4 68 

5 81 

1 93 

2 06 

4 44 

8 33 

2 95 

2 59 




5 05 

5 87 

2 08 

1 79 

7 13 

8 51 

1 78 

1 94 




3 18 

5 91 

1 09 

1 55 

6 87 

8 20 

1 86 

2 00 




3 92 

5 55 

1 15 

1 48 








3 12 

4 48 

1 48 

2 23 








3 44 

5 29 

1 43 

1 83 








4 20 

5 83 

1 79 

1 82 








3 60 

5 96 

1 55 

1 84 








3 79 

5 70 

1 59 

1 86 

5 75 

7 S3 

2 05 

2 12 

1 36 

1 14 

10 

2 47 

5 14 

1 78 

1 91 

8 44 

12 50 

1 67 

2 20 




3 36 

5 79 

1 49 

1 12 

5 22 

8 91 

1 91 

2 25 




2 46 

3 53 

2 50 

I 60 

7 05 

9 SO 

1 77 

2 23 




6 10 

0 30 

1 59 

1 82 








5 87 

8 07 

1 24 

1 35 








4 33 

6 68 
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that Avould be taken up under ideal tracer conditions. The change in this ratio as *> 
function of the age of the ivound, hoAvever, is indicative of changing conditions in tl'C 

healing lesion. 
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In the young animals, the absolute rate of uptake (EL), as well as the relative uptake, 
is at a maximum on the eighth to tenth day after the lesion is made. In the older 
animals, the maximum is not reached until the fifteenth day. On visual inspection, the 
wounds in the young rats appeared to be healed by the tenth day, and could usually be 
located by the presence of a slightly raised white callus. In the old rats, the lesion was 
still not healed by the fifteenth day. It appeared as a fine brown line in a depression, 
with slightly raised callus on either side. The time it takes a wound to reach a ma.ximum 
uptake of radiophosphorus or radiostrontium may, therefore, be used as a measure of 
the rate of healing. The values obtained from readings through undisturbed skin (L 
and N), and the ratios obtained from them (L:N), parallel those taken over the e.xposed 
lesion, thus making it possible to measure the rate of healing of a bone lesion without 
exposing it. Since the ratios LrN and EL:EN both increase by a factor of 4.5 to 5 in 
the course of the healing process (Table I), it should not be difficult to follow the effect 
of various agents on that process. Although the individual variations are rather large, 
marked deviations from the mean of the group usually can be accounted for. For 
example, the uptake of P^- at 11 days, shown by the ratio for EL:EN of 3.5 (Table I), was 
obtained from an animal whose wound was much retarded and appeared more like one 
in its sixth day; while the uptake of Sr*® at 15 days, shown by the ratio for EL;EN of 
11.23 (Table I), was obtained from a wound with an excessive amount of callus. 

Normal bone shows a higher percentage of uptake of radiophosphorus in young than 
in old animals, presumably because the young bone is growing. In the early stages of 
healing, there is little difference in the relative amount (EL:EN) of radiophosphorus 
taken up in lesions of the old and young rats; but in the later stages (from 8 to 15 days) 
there is about 3 times as much in the lesions of the old animals as in the young. This 
is simply an index of what may be observed by visual inspection, — that is, a greater 
quantity of osteoid tissue is formed in old as compared to young animals. 

There is no apparent difference in the time at which uptake of radiostrontium by 
healing bone reaches a maximum, as compared to the uptake of radiophosphorus. It 
appears to be impossible by this method to detect a proliferation and calcification stage 
in the healing of bone. The percentage of radiophosphorus taken up in the lesion (EL), 
however, may be compared to the amount of radiostrontium similarly taken up. The 
ratio of radiostrontium to radiophosphorus may be calculated from the percentage uptake 
in the exposed lesion or from the amount in the lesion relative to normal bone (EL:EN). 
The values obtained b}-^ these procedures are listed in the last two columns in the tables. 
In Table I, the ratio of strontium to phosphorus in the exposed lesions varies from 2.3 
to 3.4 with no obvious trend. This variability may be a reflection of the large range in 
weight of the animals used, which would not affect the ratio of EL to EN, but might be 
reflected in calculations in the percentage of uptake. It is probably also significant that 
the.se animals were not from an inbred strain. In Tables II and III, there is some indi- 
cation of a trend to a maximum on the eighth to twelfth day. These animals were all 
from an inbred strain and their weights and ages were much more uniform. 

If the relative uptake of radiostrontium and radiophosphorus is the same as for 
normal bone, the ratios of strontium to phosphorus obtained by the second method 
mentioned above, — that is, EL:EN strontium divided by EL:EN phosphorus, should 
give a constant value of 1. For the young rats (Table III), the ratio averages 0.94 for 
the first 6 days after operation and 1.13 from the eighth to the fourteenth dajL Simi- 
larly, for old rats, the average ratio is 1.02 for the first 13 days, and 1.26 for the next S 
days (Table I). For the Slonaker strain of old rats (Table II), the mean ratios were 
0.94 during the first period and 1.34 in the later stages of healing. Thus the calculations 
from these data show that relativeb' more radiophosphorus and less radiostrontium is 
taken up in the early stages of healing, as compared with the later stages. It should thus 
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be possible to distinguish between stages in the liealing of bone in which proliferation 
predominates, as compared to stages in which calcification is predominant. 

Where it is nccessaiy to study the healing of deep-seated bone, the gamma-active 
radiostrontium Sr**“ maj'' be used by the same methods as those described for radio- 
strontium Sr*®. 


SU.MAIAUY 

1. A method is described for making uniform lesions in the bone to permit a study 
of its healing. 

2. A method of using radio-active tracers to study the healing of bone in vivo is 
described. 

3. The uptake by healing bone of radiophosphorus and radiostrontium is deter- 
mined at different stages in the healing procc.ss. 

4. The uptake by healing bone of phosphorus and strontium is compared. 

5. The effect of the age of tlie animals upon the uptake of phosphorus in the healing 
ot bone is studied. 

6. In young animals, the latent period for an increasctl uptake of phosphorus is 
shorter than in older animals (2 as compared with 4 days). 

7. The maximum uptake of phosphorus and strontium occurs on tire eighth to the 
tenth day in young rats, as compared with the maximum of 15 days reached in old rats. 
This parallels the gross healing of the old and young bones. 

8. By comparing the ratio of uptake of strontium and phosphorus, it is seen that 
this ratio tends to increase later in the healing process; it may be possible to utilize this 
tendency to differentiate between the proliferating and the calcifying stages of bone- 
healing. 
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THE INTERVERTEBRAL DISC: ITS :MICR0SC0PIC ANAT02HY 

AND PATHOLOGY 

Part I. Axatomy, Develop-aiext, and Physiology 

BY MARK B. COVENTRY, M.D., RALPH K. GHORMLEY, M.D., 

AND JAMES W. KERNOHAN, M.D., ROCHESTER, MINNESOTA 

From the Section on Orthopaedic Surgery and the Division of Surgical 
Pathology, Mayo Clinic, Rochester 

The clinical picture of backache has often been an enigma to the medical profession. 
Much excellent work has been done on the subject of backache, but there is much left to be 
discovered. Posterior protrusion of an intervertebral disc has only relatively recently 
been recognized as a clinical entity. As a factor in backache, its importance cannot be 
jverstressed. A working knowledge of the anatomj^ and pathology of the intervertebral 
disc is especially important from this standpoint. 

Most backache occurs in the region of the lumbosacral “joint”. This region carries 
most of the strain of the spinal column, and, as has been stated by Goldthwait, half of the 
motion between the lower thoracic region and the sacrum takes place here. It is, there- 
fore, logical that investigation of the inteiwertebral discs be centered in this region. 

It is important to understand the evolutionary factors involved in the lumbosacral 
region. It is here that much in the way of “congenital defect” takes place, and indhddual 
variation is rather great. The evolution of this region has been fully summarized by 
Keith. His extensive work has brought to light the changes in structure and mechanics 
that have occurred as the species has evolved from the horizontal to the upright position. 


T.-tBLE I 

-Age Incidence of Specimens Studied 


Age 

(Kears) 

Cases 

0-10 

0 

11-20 

6 

21-30 

8 

31-iO 

9 

41-50 

11 

51-60 

22 

61-70 

16 

71-80 

11 

Total 

88 


In order to shed some light on this complicated problem of backache, a microscopic 
study of the lumbosacral intervertebral disc has been carried out. Clinical symptoms or 
signs have not been used. Roentgenograms of the discs, with their adjacent vertebrae, 
have been taken, after removal at necropsy, in order to correlate the roentgenographic 
findings vdth the appearance of the same specimen through the microscope. 

The first paper covers the method of studj’-, the anatonij-^, the embryology, and the 
physiology of the intervertebral disc. Two subsequent papers will deal with (1) the 
changes to be expected within each age group — an attempt to establish a “normal” mi- 
croscopic appearance — and (2) pathological changes in the intervertebral disc. 

SOURCE OF MATERI.VL .\ND METHOD OF STUDY 

The material in this study was obtained during routine necrops.v of eighty-five sub- 
jects. Three additional cases, taken at a somewhat later date, were also used to amplify 
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Fig. 1 


Intel vei tebial disc of a man, aged filty-foui 3 'eais. -1 : Cai tilaginons plate. 5: Annulus fibiosus. 
C' Nucleus pulposus. D: Bony urn. The auows indicate the junction of the cai tilagmous plate 
and the bony 11 m. Bony spin. (X3) 


the study ol pathological disc.s. Thus the total number ol cases studied was eighty-eight. 
Fifty-one subjects weie male and thirty-.seven were female. The youngest subject was 
aged ten months; the oldest, seventy-nine yeais. 

Table I shows the distribution of cases by decades. 

After the specimens were removed from the spinal column, they were fixed in formalin, 
and then a lateral roentgenogram was taken. After this, the specimens were sectioned 
mid-sagittally with the band saw, and a thin sagittal section in turn was cut from one ot 
the halves This section was piepared for microscopic study by decalcification imbed- 
ding in paraffin, and sectioning with the microtome. The microscopic sections weie 
stained by three methods; (1) hemato.xylin and eosin, (2) van Gieson, and (3) De Ga- 
lantha’s method for mucin. 

The prepai ed sections were studied microscopically, but much additional information 
was obtained by projecting the slide on a scieen, and stud 3 ''ing the disc as a whole in its 
glosser aspects, at a magnification of twelve diaraeteis Each section ivas of couise 
carefully compared with its corresponding roentgenogram. 

THE ANATOMY OF THE INTERVERTEBR \.L DISC 

Theie are tiventy-three intervertebral discs in the normal spinal column. They make 
up, roughly, a quarter the height of the vertebral column They are thinnest in the 
thoracic region and thickest in the lumbar region We are especially concerned with the 
fifth lumbar disc, but the structure of all the intervertebral discs is relatively the same 

A. Adjacent Vertebrae 

The vertebrae adjacent to the discs, that is, cephalad and caudad, are composed of a 
cancellous type of bone, with rather specialized bony plates of denser, smooth bone, sit- 
uated superiorly and interiorly. These bony plates aie, hoivever, simply a reflection of 
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Intervertebral disc of a giil, aged ten months. A* Vascular channel m the cartilaginous plate. 
B: Annulus fibrosus. (X7) 


the spongy bone of the body of the vertebra, for they are perforated by many small holes 
corresponding to the marrow cavities. Each end plate is divided into three zones: 

1. Central zone, with small, numerous holes. 

2. Peripheral zone, with larger, less numerous holes. These perforations in the 
central and peripheral zones are probably for nourishment of the adjacent discs, as they 
allow fluid to pass from the spongy bone into the* disc. 

3. Epiphyseal ring, surrounding the outside of the end plate. It is raised and is 
composed of dense bone. This is the Randleiste of Schmorl; it was first described by Fick. 
Externally it overlaps the outer surface of the vertebral body, and internally it slopes to 
meet the peiipheral zone of the bony plate. 

B. Ligaments 

The ligaments of the spinal column nith which we are concerned aie the anterior 
longitudinal and posterior longitudinal ligaments. They extend anteriorly and postei iorlj’- 
on either side of the spinal column from the axis to the sacrum, and are intimately blended 
with the underlying intervertebral discs 

C. Gross Anatomy of the Disc 

The intervertebral disc is like a cushion between the two adjacent vertebral bodies. 
It is composed of three rather distinct parts (Fig. 1): 

1. Cartilaginous Plate: This structure of hyaline caitilage covers the bone of the 
yeitebra, and acts as a limiting plate caudad and cephalad, with the fibrous disc proper 
in between. 

2. Annulus Fibrosus {Laniellosus) . This arises fiom the cartilaginous plates, sur- 
lounds the nucleus pulposus, and inserts into the anterior and posterior longitudinal liga- 
ments and into the bone of the vertebiae It gives the size and shape to tlie disc, and is 
the seat of most of its stiength and tenacity - 
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3. Niicleus Pulposus: This is the semigelatinous center of the disc, which is encap 
sulated by the annvdus. It is a peculiarly active or dynamic portion of tl\e disc, by reasoi 
of its turgescence. 

D. Blood and Nerve Supply to the Disc 

Ubermuth, in 1929, and Bbhmig, in 1930, expressed the belief that, up to the age o 
eight years, there are small blood vessels supplying blood to the disc by way of the car 
tilaginous plate, tibermuth further stated that these vessels begin to become scarred al 
the age of eight months, and scarring is complete at twenty to thirty years. These nutri- 
tive channels have also been described by Smith. The results of the present study tent 
to concur with these findings. Vascular channels with blood cells in their lumina are seer 
in the first three decades, but not as a rule following that time (Fig. 2). 

Roofe, in 1940, found nerve endings in large amounts in the posterior portion of tin 
annulus fibrosus and in the posterior longitudinal ligament. No specialized end organs 
were found in the authors’ studies, but the type of terminal end organs indicated that thej 
were probably pain fibers. No special nerve staining was done in our study. No fibers oi 
nerve endings were observed with the routine stains. 

E. Microscopic Anatomy 

1. Cartilaginous Plate: The cartilaginous plates are composed of ordinary hyaline 
cartilage. They lie between the bone of the vertebrae and the fibrous components of the 
disc. The cartilage is found over the perforated bony end plate, but not over the compact 
peripheral zone or epiphysis. It is rather loosely cemented to the underlying bone by a 
very thin layer of ealcium^®, which is absent at points corresponding to the perforations ot 
the bony plate. The hyaline cartilage cells are arranged somewhat horizontally. The 
fibrocartilage of the annulus fibrosus takes its origin from the cartilaginous plates, as will 
be described later. 

2. Anmdus Fibrosus {Lamellosus): This structure is the “limiting membrane” foi 
the nucleus pulposus. It is not entirely distinct from the nucleus, as the two tend to blend 
together. The}’’ are, none the less, separate structures. The annulus is the major part ol 
the disc. It is composed of fibrous and fibrocartilaginous lamellae in an intricate arrange- 
ment. The fibers are of three groups: (1) those that “stream off” of the inner surface ol 
the cartilaginous plates, where there is a gradual transition from hyaline cartilage to fibre- 
cartilage; (2) those that pass anteriorly and posteriorly to insert into the longitudinal 
spinal ligaments, and (3) those fibers that pass over the edge of the vertebral body and 
sink into the bone of the vertebrae like Sharpey’s fibers. The annulus is thought to be 
much stronger anteriorly, where the attachment to the longitudinal ligament is very 
strong, than posteriorly, where the attachment to the longitudinal ligament is much 
looser. The posterior ligament is also weaker than the anterior ligament. These facts 
may partially explain the much higher frequency’’ of posterior than anterior protrusions of 
the disc. 

The fibers of the annulus pass from the nucleus pulposus to the cartilaginous plate at 
right angles to the plate, but change their course and insert into the plate obliquely- 
Anteriorly and posteriorly the fibers are richly arranged in lamellae, and pass obliquely 
from the plate to the periphery in spherical fashion, turning up at the end to curve back to 
the opposite plate. Toward the periphery of the cartilaginous plate, the fibers pass out 
laterally from the end of the plate and divide into three groups. One group goes upward 
to the opposite plate, one blends into the fibers of the longitudinal ligament, and the thud 
group, according to Beadle, “forms a small but pathologically very important system • 
It passes away from the disc, streams over the edge of the epiphyseal ring, and inserts into 
the bone of the vertebra, just as do the Sharpey fibers of the longitudinal ligaments. TBs 
is an important point, in Beadle’s opinion, for it illustrates that the attachment of the d’S® 
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to the longitudinal ligaments, cartilage, and bone is stronger than is the attachment of the 
epiphyseal ring to the bone underlying it. 

3. Nucleus Pulposus: When the disc is cut across horizontally, the tissue of the 
nucleus swells out as a white, glistening body, showing that the nucleus is normally under 
tension. The line of demarcation between the nucleus pulposus and the annulus is rather 
distinct in young subjects, becoming less so in adults. The nucleus usually occupies the 
region at the junction of the middle and posterior thirds of the disc.^ It is formed of loose, 
wavy, fibrous strands in a liquid-saturated reticulum, which is gelatinous and mucoid. 
Notochordal remnants are said to be present at birth, and physaliferous cells of Virchow 
have been identified by some. These notochordal cells gradually diminish in number, and 
the nucleus becomes denser and more fibrous. In the adult disc, the nucleus pulposus 
contains cartilage cells and fibroblasts in a semigelatinous matrix. The fluid content of 
the nucleus diminishes from 88 per cent, in a full-term foetus to 66 per cent, in a seventy- 
seven-year-old subject, according to Piischel. 

Various authors have described a central cavity in the nucleus, and some have com- 
pared it to a rudimentary joint cavity. There is no endothelial lining to these cavities, 
but villous-like processes can be seen to project into them. Others have expressed the 
belief that these cavities are simply evidence of nuclear desiccation. 

Whether there is true mucus in the nucleus pulposus is a somewhat controversial 
point. While this study reveals a distinctly mucoid reaction to hematoxylin and eosin 
stain, De Galantha’s mucin stain does not show the presence of true mucus in any of the 
specimens. Deucher and Love were able, however, using mucicarmine stain, to get 
positive reactions for mucus in protruded discs removed during operation. 

THE EMBRYOLOGY AND DEVELOPMENT OP THE INTERVERTEBRAL DISC 

For proper interpretation of findings in the intervertebral disc and adjacent vertebrae, 
one must know something of the development of these structures. Excellent diagram- 
matic representations may be found in the work of Bradford and Spurling. The verte- 
brae, cartilaginous plate, and annulus fibrosus are derived from mesoderm. The nucleus 
pulposus is derived from endoderm, being in part a remnant of the notochord. Neither 
the primitive vertebrae nor the provertebrae correspond to the adult vertebrae. Each 
provertebra divides horizontally, and the caudad half attaches to the cephalad half of the 
adjacent provertebra. These halves unite to form the final rudimentary vertebra. The 
provertebra is marked off by the intersegmental artery, which is usually clearly seen in the 
spinal columns of young persons. 

The intervertebral discs themselves apparently differentiate (or remain undifferen- 
tiated from the surrounding differentiating cells). As development proceeds, water leaves 
the cells, except in the region of the future intervertebral discs.'* It has been postulated 
by Bardeen and Williams that this retention of water is due to the lack of nourishment to 
the region of the disc, as this region lies farthest from the intersegmental artery. 

The notochord becomes extruded into the intervertebral regions as its canal gradually 
closes. At the end of the tenth embryonic week the cells of the vertebral bodies have 
become cartilaginous in type, and the cells of the notochord lie entirely within the disc, and 
can then be called nucleus pulposus. These cells undergo mucoid degeneration. They 
remain as notochordal-type cells until after birth, when they graduall}' disappear. The 
hypothesis of Dursy and Virchow, that the chief source of the nucleus pulposus was de- 
generation of the annulus fibrosus, has been disproved. There is no question that the 
primitive notochord is the anlage of the nucleus pulposus. Keyes and Compere emphasized 
the rather sharp line of demarcation, espeeiall 3 ’' in the spinal columns of .voung persons, 
between the annulus fibrosus and the nucleus pulposus, which, they stated, is cau.-ed by a 
I’lng of fibroblastic tissue in the embrjm. The persistence of notochordal cells up to tlie 
time of birth is also evidence of the origin of the nucleus. 
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Ossification of the vertchi'al lioclics has been described extensively by Schmorl, and 
most of the following is obtained from his work. Formation of bone can be observed as 
early as the tenth embryonic week. Separate o.ssification centers appear for the bodies 
and for each half of the arch, at this time. At the time of birtli, clefts or grooves appear in 
a radial fashion on the superior and inferior margins of the vertebral bodies. These 
increase in size for the first eight to ten years, then gradually smooth out until the twenty- 
first to twenty-fifth years. Strongly attached to the other elements of the intervertebral 
disc is the cartilaginous plate. It extends to the margins of the vertebral body, where it is 
intimately fused with the bony clefts and ridges. On the surface of the cartilaginous plate 
next to the bone, one finds the longitudinal growth of the vertebral bodies taking place. 
The columnar grouping of the cartilage cells, as in the long bones, can be readily seen. 

The peripheral bony ring, or cpiph.ysis, develops as follows: A small, triangular ring of 
cartilage surrounds the superior and inferior brims of each vertebral bod3\ In this ring 
develop small foci of calcium, among girls at the age of six to eight years, among boys at 
the age of seven to nine j'^ears. These foci then ossity. Graduall}’’ they enlarge and fuse 
to form a ring, — the peripheral or marginal bon^'- ring, or RamUcistc. This ring is complete 
at the age of twelve years. At the age of fourteen or fifteen years, the peripheral bony 
ring gradually fuses with the \’crtcbral body. This fusion is complete at twent3"-one to 
twent3''-five 3'-ears. Fusion is slowest in the lumbar region. 

Several authors have described this ring as incomplete, because it is horseshoe- 
shaped and absent posteriorl3^ Others have maintained that it is complete on all 
sides of the vertebra. While it is gencrall3’- less broad posteriorl3’- than anteriorh’-, it does 
exist as a complete ring. Any vertebra that has been freed of all soft tissue shows this ring 
posteriorly. Examination of cight3'-eight microscopic specimens in this stud3" has con- 
firmed its presence posteriorly. The caidilaginous plate alwa3\s ends before it reaches the 
posterior edge of the vertebra, abutting against a definite rim of bone (Fig. 1 ). 

The inference made by Schmorl and Beadle is that the epiph3'seal ring is a separate 
entity from the cartilaginous plate and serves a different function. IMau, Ke3’’es and 
Compere, and Haas disagreed with this idea, believing that the two are intimately con- 
nected and serve the same function. At the end of longitudinal growth, the epiph3'’seal 
ring fuses to the vertebra, and the cartilaginous plate continues its function as part of the 
disc, its peripheral ends abutting on the bony rim of the epiph3’’sis. Beadle, however, 
definitely stated that the epiph3'-seal ring is not concerned with growth. He maintained 
that there is no evidence of endochondral growth at the epiph3'-sis, as there is at the base of 
the cartilaginous plate. He stated that the epiph3'^sis simpb'- grows within itself until it 
occupies the cartilaginous ring, then fuses to the underl3dng bone. Schmorl and Beadle 
expressed the belief that the epiphyseal ring is important only in that it serves to anchor 
the fibers of the annulus fibrosus firmly. The3'’ disagreed Avith Man and others who 
claimed that wedging of the thoracic portion of the spinal column in juvenile “ epiph3’’sitis 
is due to lack of growth in the epiphyseal ring. Instead, they expressed the belief that the 
wedging is due to herniations of the nucleus pulposus into the spongy bone of the adjacent 
vertebrae with resultant thinning of the disc and direct contact and compression of the 
anterior margins of the vertebrae. This controversial subject remains unsettled and our 
study does not shed any light on it one way or the other. 


THE PHYSIOLOGY OF THE INTERVERTEBRAL DISC 

The intervertebral disc is not a passive, vestigial remnant. It is an active, living 
structure, constantly functioning. The intervertebral discs serve, first, as articulations 
(amphiarthrosis) between the vertebrae. Without these discs the spinal column would be 
rigid, and could not bend to meet the delicate needs of the bod3L Some have called the 
disc a diarthrodial joint, even stating that it possesses a rudimentary joint space. 
an3'- rate, it does serve to connect and articulate the adjacent vertebrae. 

In addition to its function of articulation, the intervertebral disc acts as a shock 
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absorber or cushion. It transmits, modifies, and evenly distributes the force of strain. 
Beadle stated that the disc “is a unit whose function is to control the continual and in- 
finitely various cross currents of tension, torsion, pressure, and mechanical shock, which 
interplay with one another as injurious agencies during every moment of life”. 

Dividing the mtervertebral disc into its component parts, one sees that each of the 
three main structures is highly important in itself, but is dependent also on the others. 
The cartilaginous plate acts as a barrier between the active pressure of the nucleus pul- 
posus and the adjacent vertebral bodjL Only if the cartilaginous plate is intact, will the 
disc act normally. If the cartilaginous plate is perforated or torn, the nucleus pulposus is 
allowed to flow into the adjacent i''ertebra, and it can no longer act as a hydrodynamic ball 
bearing.® 

The nucleus pulposus is under tension in persons up to the older age groups. This 
tension can be simply illustrated by cutting a section through the disc and noting the 
bulging forth of the nucleus. The semifluid nucleus pulposus is held in restraint by the 
surrounding annulus fibrosus. Any movement of the spinal column is accompanied by a 
'shift of forces in each nucleus pulposus. Flexion of the spinal column causes an anterior 
compression of the nucleus, ivith a tendency for the nucleus pulposus to be displaced pos- 
teriorly. This is the phenomenon of “nuclear retropulsion” as described by Galland. 
Extension of the spinal column does the opposite. A lateral shift, as in scoliosis, in turn 
shifts the nucleus in the opposite direction. If nuclear material is lost, as in the desiccation 
of old age or rupture of the nucleus pulposus, the disc no longer serves to transmit the forces 
of strain, and the shock is borne solely b3' the vertebrae, their ligaments, or their facets. 

The third component of the intervertebral disc — the annulus fibrosus — is the “limit- 
ing membrane” surrounding the nucleus and serving as its capsule. The fibrocartilage of 
which it is composed is woven together in a complex system, with the fibers running in 
various directions and anchoring at strategic points, all designed to give maximal function 
and to accommodate for every conceivable change of force. Schmorl stressed this ability 
of the annulus fibrosus to accommodate itself to its surroundings. When the strength of 
the annulus is lost through degeneration or injury, the nucleus ruptures, usually pos- 
teriorly, presses on nerve roots, and causes pain. 

The intervertebral disc can be compared to a thick rubber ball, filled with fluid, and 
partially compressed between two rigid discs. When the position of the discs, and the 
distribution of force on them change, the position of the ball changes and its shape also 
changes accordingly. Puncture of the ball, with escape of fluid, results in loss of tension, 
and the two discs are allowed to come closer together than before. 

The intervertebral discs act somewhat differently in the various regions of the spinal 
column. There is little doubt, however, that the lower lumbar discs receive more' shock 
and strain than any other. For this reason, this studj'^ is concerned with the fifth lumbar 
disc. Not only are the usual forces more active here, but there is the added shearing 
force as the fifth lumbar vertebra tends constantly to ride forward on the first sacral. 
This disc, of all the discs, is the most used and the most abused. One finds evidence here of 
wear and tear at an earlier age, and to a greater degree, than in an3" other intervertebral di.‘:c. 

CONCLUSION 

As a result of study of the anatomy, embi'yolog3’-, and physiolog3' of the intervertebral 
disc, the follo\ving conclusions are drawn; 

1 . Vascular channels in the cartilaginous plate are normall3^ present onl3' in the first 
three decades of life. 

2 . There is no central “joint cavit3'” in the intervertebral disc. 

3 . No mucus was demonstrated in the intervertebral disc In' De Galantha's atain. 

I. The peripheral bon3' ring, epipln'sis, or Randleiste is preaent as a complete ring, 

and is not absent posteriorl3'. 
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SACRAL FRACTURES AND INJURIES TO THE CAUDA EQUINA 


BY MAJOR J. GRANT BONNIN, R.A.M.C. 

Recently Orthopaedic Surgeon, Emergency Medical Services, England 

The association of cauda equina injuries with crush fractures of the sacrum must have 
been noted by many an observer, but, as far as the literature was searched, no record of 
anj’’ analysis of such cases could be found. It is possible that intending authors were 
daunted by such words as these, uttered by Kinnier Wilson: . the cauda equina is 

too complex a structure for simplicity of syndrome, but the form all variants assume is, 
and must be, radicular; if otherwise, the syndrome is no longer ‘pure’”. The recent con- 
centration of interest on herniation of intervertebral discs has shed new light on the 
problems of the lumbosacral plexus, and, at the same time, has made facts culled from the 
observation of injuries to the upper sacral nerve roots of greater relative interest. 

Prolapse of the fifth lumbar intervertebral disc produces pressure on the first sacral 
nerve root primarily, but, if the prolapse is more medial or more extensive, some pressui’e 
on the second sacral nerve root may occur. The muscular and cutaneous phenomena asso- 
ciated with this are not sharply defined, owing to the overlap provided by pathways 
through other roots, but nevertheless produce a readily recognizable syndrome; in the 
case of the first sacral nerve root, this te characterized by weakness of the plantar flexors 
of the foot. This syndrome is closely parallel to that which is due to involvement of the 
first and second sacral nerve roots from fracture of that part of the sacrum in ju.xtaposition 
with the sacro-iliac joint. Further observation of this latter syndrome should extend 
our knowledge of the effects of pressure on the second sacral nerve root. 

ANATOMY 

The long auricula-shaped facet of the sacro-iliac articulation e.xtends from the level 
of the upper margin of the first sacral foramen to the upper margin of the third. The first 
and second anterior and posterior sacral foramina thus weaken considerably that part of 
the bone connecting the lateral mass of the sacrum with the body of the bone, and provide 
the most readily broken link in the solid connections between the ilium and the vertebral 
column. From this weak spot, fractures of the sacrum caused by indirect violence are 
prone to start and spread; and it follows that any fracture of the sacrum caused bj’^ violence 
transmitted through the sacro-iliac joints affects this area to a greater degree than else- 
where. This tends to involve predominant^ the first and second sacral nerve roots, while 
the lumbosacral trunk above and the third sacral nerve root below may be involved to a 
le.sser degree. 


MODE OF S.VCR.AL FRACTURE 

Fracture of the sacrum is most common in association with fracture of the innominate 
bone, a sufficient clue to its most common method of production. The bone is strongl}' 
resistant to compression; and, in the intact pelvis, excluding direct violence, it can be 
acted upon only by compression force. The more common sacral and pelvic injuries are 
secondary to violence applied to one leg or to one side of the body. Consideration of the 
mechanics of the bone, as well as of the common type of violence, thus suggests that the 
sacrum is broken by tension and shear, forces to which all bones offer least resi.-,tancc. 
The idea that this violence is transmitted through the innominate bone is in conformity 
with the ideas recenth' expressed by Tajdor on the violence causing dislocations of the 
mnominate bone. Fracture through the weak area of the bone may occur in three ways, 
Of four, if pure compression is given its unimportant place. 

li:j 
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1. Bij rotation: The injury is severe with separation of the pubic symphysis, c 
fracture of the ischiopubic rami. The force is one of hyperextension, acting on'the low€ 
extremity, and rotates the affected innominate bone around the horizontal axis of th 
sacro-iliac joint, so that the pubis is depressed. If the sacro-iliac joints do not yield (an 
to rotation they offer their greatest resistance), fracture through the first and secom 
sacral foramina occurs. The fact that this rotation takes place is frequently shown b; 
elevation of the posterior superior iliac spine, without elevation of the innominate bon 
concerned. Rotation of the innominate bone in the opposite direction is le.ss common 
and is indicated by elevation of one side of the pubic symphysis. 

2. By leverage: Once the pelvic ring has been broken anteriorly, its two halves ma] 
be widely separated. The force responsible may be considerable, as in “run-over” acci 
dents, or when transmitted through the abducted limb. Once the sacro-iliac joint has beer 
opened to its maximum, there is a tendency for fracture to occur through the buttresses oi 
bone between the first and second sacral foramina, as a fully opened hinge tends to teai 
out by the screws. Less commonly, this action is reversed, and the pubic symphysis is 
made to overlap by compression. 

3. By shear: One half of the pelvis may be driven almost directly backward by 
impact against the knee, when the patient is in the sitting position. JVIore commonly 
this produces posterior dislocation of the hip; but, if the hip is slightly abducted, one half 
of the pelvis may be pushed up and back. Under these conditions, the lateral mass of 
the sacrum is submitted to a shearing stress, under which it is most likely to fracture. 

As a general rule, no accurate analysis of these forces is possible in the individual 
case, in which they are combined in a greater or lesser proportion. The high incidence 
of sacral fracture in association with fractures of the pelvic ring is thus accounted for, 
although statistics of this vary widely; thus Wakeley gives 4 per cent, as the figure, while 
Furey gives 74 per cent. The frequency with which sacral fractures will be seen depends 
chiefly upon the quality of the roentgenogram and the industiy with which they are 
sought, for postmortem examination shows small chip fractures at the margin of the sacro- 
iliac joint in almost every case of fracture of the pelvis. These are frequently invisible 
in the roentgenogram, because of the density of superimposed bone shadows. What we 
are interested in is the percentage of fractures of the sacrum visible in roentgenograms of 
reasonable quality, and the author’s experience (Table I) confirms that of Mendelmann in 
giving a figure of 45 per cent, as approximately correct. 


KOENTGENOGRAPHIC EXAMINATION 


Satisfactory definition of the sacrum does not occur in the average roentgenogram 
taken for fracture of the pelvis, owing to the curvature and obliquity of the bone. As these 
two factors cannot be entirely overcome, a foreshortened view is always seen, in which the 
first and second anterior sacral foramina are very close to one another. The thin compact 
bone above each foramen is tilted edge on, and thus shows up in the roentgenogram as a 
fine line arching above each foramen. In many roentgenograms, this line above the second 
foramen appears as the continuation of the brim of the pelvis (Fig. 1, G). Above this is 
the curved line over the first sacral foramen, merging with the shadow of the lip ol the 
first sacral body; while below, the third and fourth sacral foramina are more distinct. The 
posterior sacral foramina are obscured, and are recognizable only as an area of decreased 
density on either side of the mid-line. The weakest area of the sacrum is recognizable as 
running from the notch between the articular process for the fifth lumbar vertebra and the 
lateral mass of the sacrum above (Fig. 1, C), through the first and second foramina to 
emerge below at the edge of the sacrum, usually through the third sacral foramen. 

In most views of the sacrum, two promontories are visible on the shadow of its lateral 
edge. The first represents the junction of the sloping upper surface of the bone with the 
most anterior portion of the auricular facet, and so lies just below the upper level of the 
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TABLE I 

Classification of Forty-Four Fractures of the Pelvic Ring * 


Anterior Disruption 


Posterior Disruption i 

Fiactuies of the 

Fiactures of the 

Separation of 



Ischiopubic Rami 

Ischiopubic Rami 

the Pubic 

Totals 


on one side 

on both sides 

Symphysis 


No posterior lesions seen 

Sacro-iliac dislocation 

G 

4 


10 

Unilateral 

2 

1 (with 

2 

5 



sacral fracture) 



Bilateral . .... 


1 

2 

3 

Fracture of the ilium lateral to the 


1 



sacro-iliac joint . 

2 (1 with 

1 


3 


sacral fracture) 




Fracture of the ilium running into 





the sacro-iliac joint . 

3 (1 with 

4 (2 w'ith 


7 


sacral fractuie) 

sacral fiactuie) 



Central dislocation of the femur 

1 



1 

Fracture of the sacrum only 
Fracture of the sacrum on one side, 

5 

7 

1 

13 

and of the ilium running into the 
sacro-iliac joint on the other 


2 


2 

Totals 

19 

20 

5 

44 


* This table shows the high incidence of sacral fractuies associated with other fractures of the pelvis, — 
twenty sacral fractures, or 45 per cent. 


The etiological classification of sacral fractures is as follows: 

1- By Direct Injury 

a. Complex comminuted fractures from missiles; 

b. Transverse fractures below the level of the sacro-iliac joint; 

c. Compression fractures of the posterior arch. 

2. By Indirect Injury 

As illustrated by the twenty cases of sacral fracture listed in Table I and classified in 
Table II. 


TABLE II 

Analysis op Sacral Fractures 


Type of Fracture 

Main 

Fracture 

Associated 
Fractures * 

a. 

Juxta-iliac marginal fractures 

o 


b. 

Fractures through the first and second sacral foramina, with upward displace-^ 


i 


mcnt of the lateral sacral mass 

i 5 


c. 

Compressed and comminuted fiactuies of the same region, with loss of sacral 




pattern 1 

4 


d. 

Fissure fractures separating the lateral mass through the first, second, third.} i 



and fourth sacral foranuna, with little or no displacement 

G 1 


0 . 

Ligamcntrtraction fractures at the attachment of the sacrotubcrous ligament 


3 

f. 

Transverse fractures at the level of the third sacral foramina (caused possibly 




by direct violence, or possibly by ligament traction) 


2 

Totals . 

1 

20 

11 


’Th^e were small fractures of the sacrum associated with the twenty main fractures; but, .is thev 
occurred in the same cases, they cannot be added to the twenty fractures in individual c.ises. 
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Fig. 1 

Diagram of the shadows cast by an average 
anteroposterior roentgenogram of the sacrum. 

A-A : Line of the upper lateral sacral prom- 
ontories. 

B-B: Line of the lower sacral promontories. 
C: Notch between the lateral mass and the 
articular facets for the fifth lumbar vertebra. 

D.' Notch representing the first posterior 
sacral foramen. 

E: Shadow of sacral promontory. 

F; First anterior sacral foramina. 

G: Second anterior sacral foramina. 

H: Third anterior sacral foramina. 

K-K: Sites where fractures are common and 
readily found. 

•sacro-iliac joint, and the second and 
lesser promontory, which is missing in 
some views, lies opposite the brim of 
the pelvis and represents the lower 
border of the sacro-iliac joint. These 
points serve as convenient landmarks 
in true anteroposterior views of the 
bone, for comparative measurement 
with the opposite half (Fig. 1, A-A 
and B-B). In many crush fractures, 
these promontories will be found nearer 
to the mid-line than are those of the 
unaffected side. When this is of sig- 
nificance, it is usually apparent to the naked eye; minor degrees of change are easily pro- 
duced by rotation of the pelvis and have to be discounted. As has been pointed out,* 
the value of the obstetric view of the pelvis in the determination of the displacement fol- 
lowing pelvic fractures must not be forgotten. The usual change is an alteration in the 
outline of the brim of the pelvis, showing itself as an increased angulation through the line 
of the anterior sacral foramina, caused by the forward displacement or impaction of the 
lateral mass of the sacrum on the main mass of the bone (Fig. 2). 

The recognition of sacral fracture is most readily accomplished by inspecting the_ 
continuity and regularity of the arches above the anterior sacral foramina, and comparing 
them with the opposite side. The inspection of the lumbosacral notch above (Fig. 1, C) 
may also provide information; the eye should then travel to the free border of the sacrum 
lower down. Fractures frequently come to view here, in the vicinity of the third sacral 
foramen. A linear fracture of the ligament-traction type may be apparent at the edge of 
the bone, corresponding to the attachment of the sacrotuberous ligament, and, if so, 
provides additional evidence of the movement of one half of the pelvis. This fracture 
was apparent from the beginning in one of the five cases reported here, but in another it 
became apparent only after a period of seven Aveeks had elapsed (Fig. 6-B). During this 
time, new-bone formation at the base of the detached ligament made the separation 
obvious, and substantially duplicated the picture seen in the first case (See Table II). 

NEUROLOGICAL FE.\TURES 

The syndrome arising from pressure on the first and second sacral nerve roots shares 
the vagueness of similar syndromes elsewhere, and yet forms a combination of sensory and 
motor changes which is readily recognizable. That such would be the case can be deduced 
from a consideration of the distribution of the nerve fibers in the plexus, and the fact that 
the damage in most cases is incomplete. The anterior sacral foramina are at least twice 
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the diameter of the issuing nerve roots, which would seem to make bone pressure unlikely, 
unless the displacement is considerable. Injury may, however, be produced by stretching, 
by the pressure of small fragments of bone, by surrounding hemorrhage, and probably by 
the contraction of fibrous tissue and callus. The onset of symptoms may thus be delayed, 
and few signs may be elicited at the time of the first examination, while more marked 
features may appear in the recovery period. Two of the reported cases show this feature 
(Cases 4 and 5). 

The most characteristic feature of the syndrome is the distribution of the muscle 
paresis, which is caused by pressure or division of the first or second sacral nerves. If 
either or both ai'e completely divided, obviously a rare phenomenon, the following muscles 
would be affected, according to various authors: - 

Muscles Affected Authority 


Pyriformis * 

Gastrocnemius * 

Soleus * 

Glutei, — maximus, meclius, and minimus t 

Semimembranosus 

Biceps femoris 

Flexor digitorum longus 
Tibialis posterior 
Intrinsic muscles of the foot * 

Plantaris * 


Dejerine, Gray, Grinker, Monrad-Krohn 
Dejerine, Gray, Grinker, Monrad-Krohn, Purves-Stewart, and 
Wechsler 

Dejerine, Gray, Grinker, Monrad-Krohn, Purves-Stewart, and 
Wechsler 

Dejerine, Gray, Grinker, Monrad-Krohn, Purves-Stewart, and 
Wechsler 

Dejerine, Gray, Grinker, Monrad-Krohn, Purves-Stewart, and 
Wechsler 

Dejerine, Gray, Grinker, Monrad-Krohn, Purves-Stewart, and 
Wechsler 

Dejerine, Gray, Grinker, Monrad-Krohn, and Purves-Stewart 
Dejerine, Gray, Grinker, Monrad-Krohn, and Purves-Stewart 
Spalteholz and Berry 
Spalteholz and Berry 


* Almost completely paralyzed. 

t Grinker, Monrad-Krohn, and Wechsler believe that the glutei are not affected if only the second sacral 
is involved. 

The peroneal and anterior tibial compartments are very slightly affected. Broadly 
.speaking, we thus expect to find marked weakness of plantar flexion at the ankle, with 
loss of the ankle jerk, and loss of power in the hamstrings and in the glutei. Paresis of the 
three posterior groups of muscles of the lower extremity (calf, hamstrings, and buttock) 
thus characterizes the lesion; in addition, the severity of the paresis is selective, the calf 
being more markedly paralyzed than any other group. The segments which supply the 
biceps femoris seem to vary in the individual, but are most commonly given as the fifth 
lumbar, the first, second, and third sacral. Our observations would suggest that the 
first and second sacral are chiefly concerned; as, in two reported cases, the muscle was 
almost completely paralyzed, and in only one of these was damage to the fifth lumbar and 
third sacral roots likely. Marked paralysis of the biceps femoris was noted in all cases, 
and is probably a distinctive mark of the syndrome. 

The ankle jerk will be lost, if there is serious damage to the first sacral nerve root; 
and its loss is a common feature of the syndrome. In less severe injuries, the reflex is 
diminished. The calf muscles and the hamstrings are alwaJ^s tender to the touch, and 
fibrillation may be seen. 

SENSORY CH.VNGES 

The sensoiy changes found occurred within the areas of the dermatomes a.-.signed to 
the first and second sacral nerves. Although there is still no definite agreement among 
authorities as to the limits of the dermatomes, their locations have been roughly deter- 
mined.'' These are to be compared with the affected areas in Case.-^ 3 and 4. Broadly 
speaking, alterations in sensation, paraesthe-da, and referred pain are to be exi)ected on the 
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outside of the calf and the lateral half of the foot. The changes we have noted are the 
same as those of nerve compression from any other cause. Thus immediate severe pain 
referred to the back of the leg and outer side of the foot was found. The patient com- 
plained of numbness and tingling in the area; and clinical examination demonstrated loss 
of sensation to light touch and disturbed sensation to pinprick. In view of the sensory 
overlap and the fact that lesions are most often incomplete, areas of complete loss of sensa- 
tion are unlikely, except in very severe lesions. This incompleteness is frequently shown 
by the appearance of hyperaesthesia, either occurring in an isolated area (Case 4) or sur- 
rounding an area of otherwise altered sensation (Case 3). The sensoiy findings thus share 
the same qualities as those from the pressure of a herniated nucleus pulposus, but tend to 
affect the two roots — first and second sacral — together, in contrast to the single root in- 
volved in a disc lesion. Pain, however, is in marked contrast. While there is usually 
pain at the infliction of the injury, it rapidly subsides; and the patient is free from pain 
of a “nerve” type, although he may have aching as a result of the injury. It would appear 
that this is due to the fact that, in a herniated nucleus pulposus, the pain arises from 
tension on the nerve, which is intact. In the syndrome of the sacral fracture, the nerve is 
apparently completely or partly divided, and, after the infliction of the injury, is painless. 



Fig. 2 


i fho nplvis showing the characteristic fonvaicl displacement of the lateial mass 

S IhrouBh the eaet.l foramina. Arroas indicate secondary 

fracture of the lateial mass. 
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Unless the remaining fibers are stretched or stimulated by some other method, there is no 
complaint of pain. A positive Lasegue sign in the early stages is often of doubtful sig- 
nificance, because of the extensive local damage, but it may become suggestively positive 
as the patient recovers. The nerves of the bladder and bowel issue below the second 
sacral nerve root, and, since the sacral fracture is unilateral, disturbance is not to be 
expected. A temporary upset of bladder and bowel function is, however, not uncommon. 
In the case of the bladder, it may arise from bruising in the neighborhood of the trigone 
or of the urethra. A ruptured urethra may be associated with the condition. Similarlj'-, 
the rectum may be disturbed from hemorrhage into the pelvirectal fascia or the root of the 
.sigmoid mesocolon, which may result in faecal impaction, while the immediate complete 
recumbency and lack of activity encourage constipation. Vasomotor and trophic changes 
are not found. 


TRE.ATMENT 

The sacrum can be influenced only through that half of the pelvis attached to the 
fractured portion. Every endeavor must be made to reduce the pelvis satisfactorily by 
the use of the appropriate method. A sling, counterbalancing the patient’s weight, 
together with traction on the lower end of the femur, will generally be found the most 
efficacious. Once the pelvic displacement is reduced, the sacrum must be left to itself. 
In some cases — for example, those with only minor compression of the sacrum — no pelvic 
reduction is necessary; such patients should be treated as soon as possible by active 
exercises in bed, and by such physiotherapeutic aids as may facilitate the active use of the 
muscles. In no case is the muscle paralysis so complete that deformities will arise if the 
patient is given exercises. Where paralysis exists, its incomplete nature is suitably dealt 
with by exercises against graduated resistance, together with a little radiant heat and 
massage. As soon as the pelvis is consolidated, usually at the end of eight weeks, walking 
is encouraged. 


PROGNOSIS 

In the lesser degrees of injury, the prognosis is good, complete recovery occurring at 
the end of a year; although there may be weakness in the leg and some slight permanent 
muscle wasting. In the severe cases, the prognosis is not good. Complete recovery of 
the power in the calf does not occur, and the limb is permanently weaker than its fellow. 
The ankle jerk may remain absent or diminished. Combined with this is frequently some 
elevation of the affected half of the pelvis, with consequent shortening of the lower ex- 
tremity and a limp. Because of the pare.sis of the glutei, there may be dropping of the 
pelvi.s, when weight is taken on the affected limb. The hamstrings, although wasted, 
cause little disability. With the lapse of time, the limp may be disguised, but permanent 
partial disability is inevitable. 


CASE REPORTS 

Case 1. L. C. D., aged tiveiity-six years, was admitted to an E. M. S. Hospital on December 9, 1941. 
He had been sitting in a seat running along the side of an Army lorry, when it was struck by another 
vehicle. He had been thrown violently among his companions on the opposite side. He lost consciousness 
and w.as brought to the Ho.spital in mild shock, with abrasions of the face and right knee, and bruising and 
tenderness over the sacrum. On December 11, the patient complained of pain in the left lower extremity. 
On December 18, a distended bladder necessitated catheterization. This condition appears to have been a 
tran.sitory disturbance, as the patient passed urine normally on admission, and there is no note of subsequent 
difficulty. Constipation required the use of enenmta. On January 21. 1942, the patient was transferred 
to a fracture clinic. 

Investigation showed a double pelvic fracture anteriorly through the iseluopubic rami, and another 
fracture through the sacrum close to the sacro-iliac joint, with elevation of the lateral m.iss of the sacrum 
T'K- 3). The whole left half of the pelvis was raised half an inch. The left sacro-iliac joint apiK-ared 
widened, but the surfaces were otherwi.se not displaced. He had no pain, and complained only of weakness 
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in the left limb. Examination showed disuse atrophy of both limbs, but, on the left, there was more obvious 
wasting of the calf, some wasting of the biceps femoris, and loss of tone in the glutei. The left lower limb 
showed three-quarters of an inch of shortening. Full exercises in bed were given, with a marked improve- 
ment in the muscle tone of both lower extremities, but with an equally marked failure of the calf on the left 
side to respond. On February 2, w-hen the patient was allowed to walk for the first time, there was half an 
inch of wasting of the calf, and the patient could not stand on the toes of that log. 

The disability slowly improved, so that the patient was capable of moderate activity; but the weakness 
of the calf, diminished ankle jerk, and some loss of the bulk of the glutei remained, when he was sent to a 
convalescent institution on April 18, 1942. He wiis i-eturned to the Army, but only for sedentary duties. 


Case 2. A. B. was sitting alongside tlie man described in the first ciise report. He was unable to move 
after the accident, and had severe pain in the left lower extremity. He was admitted to the Hospital in mild 
shock, with hematuria which cleared up in two days. There was no difficulty with micturition. Pain 
diminished rapidly with rest in bed, but there wjis some constipation for the first three weeks after injury. 
Ho was transferred to a fracture clinic on January 24, 1942, seven weeks after his injury. 

On examination, the patient was found to be of ;isthenic build, and the lower extremities particularly 
were wasted. There was an ulcer, two and a half by throe inches, over the posterior superior iliac spine on 
the left. This appeared to bo due to tlio breakdown of a hematoma, Roentgenogrants showed a quadruple 
fracture of the pelvis, both sacro-iliac joints were widened, and there were fi-actures of the ischiopubic rami 

on both sides (Fig. 4-A). The left side of the 
sacrum was crushed, fissures running from the 
notch above, through the first and second 
foramina, and emerging at the margin of the 
sacrum just below the left sacro-iliac joint, 
while a small fissure ran into the third and 
fourth sacral foramina. On the right, a frag- 
ment of bone, corresponding to most of the 
area of attachment of the sacrotuberous liga- 
ment to the free border of the sacrum, was 
separated by a linear fracture (Fig. 4-B). 
Both limbs showed marked disuse atrophy, 
but the left was much weaker and more 
wasted, and there was an almost complete 
loss of power in the extensors of the ankle and 
absence of the ankle jerk. On February 3, 
there was still half an inch of wasting of the 
calf, and a small patch of anaesthesia over the 
left buttock, just below the iliac crest. No 
disturbanee of sensation could be found in 
the thigh, leg, or foot. Roentgenographic ex- 
amination showed that the whole innominate bone on the left side was swung forward, so that the posterior 
superior iliac spine was excessively prominent. Two fissures were present in the ala of the right ilium. 

Slow progress was made with active exercises, and on March 8 the patient was allowed up, but he found 
difficulty in walking because of the loss of balance on the left limb. There was still half an inch of wasting 
of the calf and diminished ankle jerk. The patient gradually walked better; he had a pronounced limp, 
which was due in part to shortening, but chiefly to loss of muscle power in the glutei, a markedly wasted 
calf, and some loss of power in the hamstrings; the wasting of the biceps femoris was particularly marked. 
He was discharged from the Army on May 28, 1942. 



Case 1. Line drawing of the pelvic and sacral fractures. 


Case 3. A. C. On March 28, 1942, the patient, aged thirty-two years, had been sitting on the side 
seat in a lorry, when it swerved to avoid another lorry. He was thrown out, and rendered unconscious for a 
short period. Taken to a nearby hospital, he was treated for shock, and a scalp wound was sutured. The 
diagnosis of a ruptured kidney was made, as he had hematuria which lasted for fourteen days. There was 
no difficulty with micturition. Roentgenograms showed a fracture of the inferior ischiopubic ramus in the 
usual location, and a fracture of the superior ischiopubic ramus close to the acetabulum. The fragments were 
elevated and overlapped (Fig. 5-A). A gross fracture of the sacrum was present, with destruction of the 
sacral pattern around the first, second, and third sacral foramina. A fissure, starting from the notch above 
on the left, ran through these foramina, and allowed elevation of the corresponding portion of the later.il 
mass of the sacrum, leaving a wide defect below in the lateral border opposite the third sacral foramen 
(Fig. 5-B). The patient complained of severe pain in the left lower extremity and foot; this was aggravated 
by certain movements, and partially relieved by flexion of the knee. There was numbness over the sacrum, 
the lateral side of the foot, and the back of the calf. The severe pain slowly diminished, and the area ot 
numbness decreased. Three months later he rvas transferred to a fiactuie clinic. 
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On June 27, 1942, he was still complaining of pain in the left limb and groin and over the sacro-iliae 
region. Paraesthesia was now confined to the outer border of the left foot. There was wasting of the left 
buttock, the hamstrings, particularly the biceps femoris, in which fibrillation could be seen, and the calf. 
The calf was tender, and was half an inch less in circumference than the right, and there was one and a half 
inches of wasting in the thigh. The left lower extremity was half an inch shorter than the right, and there 
was a positive Trendelenburg sign. The left ankle jerk was absent. Sensory examination showed a loss 
of sensation to light touch and pinprick over a small area on the medial aspect of the left buttock, with a 
surrounding area of hyperalgesia and loss of sensation to light touch (Fig. 5-C). There was loss of sensation 
to light touch and blunting of sensation to pinprick over the back of the lower half of the left leg, the outer 
side of the foot, and part of the sole (Fig. 5-D). Fresh roentgenograms showed the presence of the fractures 
described, but also showed some degree of spondylolisthesis. It was considered that this was a true traumatic 
lesion, caused by fracture and displacement of the sacral facet of the fifth lumbar vertebra on the left. In- 
vestigation of the foot showed a loss of response to faradism of all the small muscles, with the exception of the 
abductor hallucis and the first interosseous. The area in which sensation to pinprick was blunted decreased 
slowly, until, in the fifth month, it was confined to the outer side of the fifth metatarsal, all of the fifth and 
half the fourth toes. Pain, of an aching character and related to activity, persisted over the lumbosacral 
region posteriorly, and was considered to be caused by the spondylolisthesis. The patient walked \vith a 
limp, had a positive Trendelenburg sign, and was unable to raise himself on the toes of the left foot. 

At the end of the seventh month, the power in the affected limb had increased, the patient could balance 
on the limb, but could not raise himself on his toes. The biceps femoris was still extremely weak and wasted; 
the ankle jerk was absent; and the calf was still wasted. There was a return of faradic response in the small 
muscles of the foot. Blunting of sensation to pinprick was still present over a small area on the left buttock, 
while the area over the fifth toe .showed hyperaesthesia only. In October 1942, he was discharged from Army. 

Case 4. G. P. On February 5. 1942, this patient, aged twenty-four years, had been driving a lorry 
which had skidded and overturned; he had been thrown heavily against the outer side of the right hip. He 
sustained a sharply defined bruise over the right greater trochanter, which suggested that he had struck some 
narrow object. On admission, he was in mild shock, and slight hemorrhage from the urethra was noted. 
There was some mid-line suprapubic tenderness. A catheter was passed and blood-stained urine was first 
withdrawn; the urine later became clear. No evidence of perineal bruising appeared, and the catheter was 
withdrawn the next day; the patient subsequently passed urine normally. Examination of the right lower 
extremity showed no signs of neurological disturbance. Roentgenograms revealed a fracture of the tip of 
the greater trochanter (obviously caused by direct violence), the separation of a small flake of bone on the 



Fig. 5-C Areas of sensory loss. Fig. 5-D 

Fig. 5-C: Black: The area of loss of sensation to light touch and iiinjirick on the left buttock. 
Shaded: The surrounding zone of hyperalgesia. 

Fig. 5-D: Shaded: The area of loss of sensation to light touch and blunting of sensation to pin- 
prick on the outer surface of the foot at the end of the third month. 

Black: The area of similar los.s at the end of the seventh month. At the end of the year, 
the little toe and inetatai'sal area only were affected. 
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. ’ sacrum is normal in spite of multiple 

Case 4. Showing fractures of the tip of the greater trochanter fissures. The cross-hatched area rep- 

and the inferior ischiopubic ramus oii the right, and the separation resents the site of new-bone formation, 

of a small flake of bone on the left side of the sj'mphysis pubis. seen in the seventh week. 


left side of the pubic symphysis (probably related to the urethral bruising), and a 
fracture of the inferior ischiopubic ramus on the right side, with little displace- 
ment. A crush fracture of tlio right side of the .sacrum was indicated by loss of 
the sacral pattern, and by a fissure running down and out toward the outer margin 
of the sacrum (Fig. 6-A). 

Satisfactory progress was noted until the fourteenth day, w-hen the patient 
complained of shooting pains in the right limb; some loss of power in the calf, 
which had been suspected, became obvious; the whole of the right low'er e.\tremity 
was generally weaker than the left. Treatment by active e.xercise in bed was con- 
tinued, and by the fifth week the pain had become localized to the anterior half 
of the sole of the right foot, which was hyperacsthetic to touch (Fig. 6-C). Wast- 
ing of the right leg continued, and in the eighth wmek the circumference of the 
calf w'as three-eighths of an inch less than of the left. At this period, he rvas 
allowmd up, and was able to w’alk reasonably well, having only a slight limp d\ie to 
pain. There was no shortening of the right lower extremity, and the hamstrings 
and glutei, although slightly reduced in bulk, could carry out normal functions. 
By the tenth week, the hyperaesthesia in the sole of the foot harl been reduced in 
intensity, and the patient walked with a barely detectable limp, although there 
rvas still half an inch of wasting in the thigh and one-quarter of an inch of wasting 
in the calf. 

Roentgenographic examination in the seventh week, prior to his getting up, 
show’ed new-bone formation along the right lower border of the sacrum, corre- 
sponding to the attachment of the sacrotuberous ligament (Fig. 6-B), producing 
a picture resembling that seen in (Case 2, Fig. 4-B). 



Fig. 6-C 


On October 12, 1942, three months after admission, ho was transferred to a 
convalescent depot for regrading. 

Case 5. M. T., aged twenty-six, a guardsman of powerful build, was ad- 
mitted to the Hospital, unconscious after a motorcycle accident, on June 16, 1943. 
No evidence of injury to the skull was found, and the patient regained conscious- 
ness in six hours. He was in moderate shock. An abrasion over the chin and 


The shaded portion 
shows the area of hyper- 
aesthesia to touch. The 
dermatomes for the fifth 
lumbar and the first 
sacral nerve roots are 
indicated. 


pain over the mandibular joints suggested that he had been knocked out by a 

blow on the jaw. He complained of pain in the right knee and the right side of the pelvis. An abrasion was 
present below the right knee, and the knee w^as distended with fluid and was difficult to e.xamine because ot 
pain and muscle spasm. Tenderness was present over the right sacro-iliac joint, and there was pain on com- 
pressing the pelvis; the patient found it impossible to turn in bed. There was no urinary disturbance. 
Roentgenographic examination of the knee joint w'as negative. The pelvis, however, showed a triple 
fracture (Fig. 7-A). The ischiopubic rami on both sides were fractured, and there w’as a loss of sacral pattern 
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over the right side of tlie saerum, with slight narrowing of that half of the bone. There was no upward dis- 
location of the innominate bone. The patient was, therefore, kept flat in a fracture bed, with a balanced 
pelvic sling to assist in raising him. As soon as pain would permit, that is, four days after admission, a com- 
plete neurological e.\amination was made. No sensory disturbance was found, but there was loss of the 
right ankle jerk. The hemartlirosis in the right knee, later on clinical examination, was found to be due to a 
rupture of the cruciate ligaments. Reflex wasting of the quadriceps, in spite of treatment, was, therefore, 
to be expected, — this exaggerated still further the appearance of wasting of the limb due to sacral-root injury. 


Fig. 7-B 

Tracing from the roentgenogram, 
showing the sacral fractures in more 
detail. 

On July 1, 1943, two weeks after injury, wasting of the right calf and muscle tenderness became marked, 
and continued to progress. There was complaint of numbness and tingling in the outer three toes, and a 
vague alteration of sensation like “sitting on a wet cloth” over the right buttock. On July 15, all the three 
posterior groups of muscles of the leg were wasted and tender to the touch. The ankle jerk was still absent. 
The weakness of the calf and the hamstrings was disproportionate to the degree of wasting, and was very 
marked. The biceps femoris was weak, but its contraction was visible. The muscles of the anterior com- 
partment of the leg, the peronei, and the small muscles of the foot were normal to clinical examination and to 
electrical stimulation. There was a patch of altered sensation, about eight inches in length, over the popUteal 
space, and a similar patch over the right buttock. There was loss of sensation to pinprick in the center of 
these areas, and to light touch on the outside. The areas of altered sensation slowly decreased in size, until, 
m the eighth week, only a vague alteration to light touch remained. The wasting of the muscles, however, 
persisted, and the ankle jerk was still absent. At the end of the ninth week, as soon as he was free from pain, 
the patient, who had had exercises daily in bed, was allowed up. Movements of the right knee were full, but 
there was still marked wasting of the quadriceps and rela.xation of the cruciate ligaments. The patient 
Walked with a bad limp, which has steadily improved. 

On September 10, 1943, the patient was sent to a convalescent depot, with a recommendation for 
regrading to a lower medical category. There was still wasting of the posterior groups of muscles of the leg; 
the ankle jerk was absent; and there was a slight limp. The patient has subsequently returned to sedentary 
duties. 

COMMENT 

Of the five cases, the third was the most severe, the patient’s condition probably 
representing an almost complete division of the first and second sacral nerve roots. The 
clinical picture in this case corresponds to that which, on theoretical grounds, would be 
expected from complete division. The injury is more extensive than the lesion produced 
by division of the first sacral nerve, but includes its characteristic features. 

Case 4, although less severe than the others, is interesting in showing the possibility 
of late onset of symptoms when there is little sacral displacement. This is probably due 
in part to the fact that partial paraly^sis of a muscle, if mild, is readily overlooked. In this 
case, although paralj'^sis was suspected, because of the disproportionate loss of power 
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compared with the muscle bulk, definite diagnosis was not possible until muscle atrophy- 
had made the wasting of the calf obvious. At the same time, damage to the plexus was 
confirmed by the occurrence of referred pain and paraesthesia in the foot. 

In the first and second cases, sensory changes, which may have been present, were not 
recorded when the patients were first seen at other hospitals. These cases point a moral. 
The wasting present in both legs was attributed to disuse atrophy and no comparison of 
the limbs was made. Once this was done, it was obvious that there was a considerably 
greater loss of muscle in one leg, with paresis of specific muscle groups, and this could be 
readily confirmed with a tape measure. In Case 2, it is remarkable that such severe 
damage should have affected chiefly the motor nerves. There was only a small area of 
anaesthesia on the opposite buttock, probably due to superficial nerve injury. Pain, 
however, was marked in the early stages of the injury. Sensory changes may have cleared 
up before the end of the seventh week, although it is more probable that the lack of 
sensory change found at that time (which was present at the outset in all other cases) 
is due to a greater overlap of sensory disturbance than of corresponding root motor 
enervation. 

In three of the cases, gross sacral damage was associated with severe pelvic fractures 
and obvious displacement. In the fourth case, the displacement was not obvious. The 
subsequent formation of new bone around the attachment of the sacrotuberous ligament 
suggested that the displacement may have been greater at the time of injury than the first 
roentgenogram showed, a feature probably common to all cases. The second case is inter- 
esting in drawing attention to fracture of the sacral margin by the pull of the sacrotuberous 
ligaments; this mechanism is confirmed by the changes noted in the fourth case. 

In the fifth case, the mechanism of pelvic and sacral fracture is shown, by the site of 
the abrasion and damage to the cruciate ligaments, to be due to a violent blow just below 
the flexed knee. Such an injury is not uncommon to a motorcyclist in a collision. The 
slow appearance of the full and characteristic syndrome is t 3 ’’pical, as is the disproportion- 
ate muscle wasting compared with sensory loss. 

SUMM.VRy 

The frequency of roentgenographically obvious fractures of the sacrum in association 
with fractures of the pelvic ring was 45 per cent, in this series of cases. 

The varieties and mechanism of sacral fractures are discussed; most of these fractures 
are caused by leverage through the detached half of the pelvis. 

The involvement of the sacrum in this type of fracture is localized around the first 
and second anterior and posterior foramina. 

The roentgenographic features characteristic of this lesion are described. 

Disturbance of the first and second sacral nerve roots produces a readily recognizable 
syndrome. This syndrome is characterized by sensory disturbances over the outer side 
of the foot, weakness of the hamstrings and glutei, marked weakness of the call, and 
diminution or loss of the ankle jerk. 

Recovery is slow, and permanent impairment of gait and limitation of activit}'- may 
follow. 

The author wishes to record his indebtedness to Dr. R. Arden Jones for assistance 
with the neurological examination of the patients and criticism of the article, and to Dr. 
F. R. Berridge for comments and advice on the roentgenography. 
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THE FIXATION OF FRACTURES OF THE UPPER FEMUR AND HIP WITH 
THREADED, HEXAGON-HEADED, STAINLESS-STEEL 
SCREWS OF FIXED LENGTH* 

BY PAUL H. HARMON, PH.D., M.D., SAYRE, PENNSYLVANIA 

From the Seclioii on Orthopaedic and Traumatic Surgery, the Guthrie Clinic 
and Robert Packer Hospital, Sayre 

During the past four years, we have employed long, slender, threaded, stainless-steel 
screws of definite length, capped with a hexagonal head of the same material, for the 
fixation of fractures in the upper femur, including those in the region of the hip. The 
results obtained seem to justifj' a description of the method of treatment employed and of 
the construction of the screws. 

CONSTRUCTION OF THE SCREWS 

Figure 1-A shows the screws. They are prepared in several fixed lengths, those most 
frequently used being three, three and one-half, and four inches in length. These lengths 
have also been manufactured in three sizes, — 0.125 (pg) of an inch in diameter, 0.156 
(H2) of an inch in diameter, and 0.187 (^{e) of an inch in diameter. The first is threaded 
tAventy-four turns to the inch; the second, twenty-four turns to the inch; and the last, 
twenty turns to the inch. The screw, one-eighth of an inch in diameter, is used in most 
cases. However, it should be pointed out that in threading this screw, a die must be used 
that does not cut so deeply that it unduly weakens the shaft of the screw. The screw has a 
sharp triangular point. The smallest size is capped with a quarter-inch hexagonal head of 
the same material as the shank, while the two larger sizes are capped Avith hexagonal nuts, 
three-eighths of an inch in diameter. The long diameter of the hexagonal head is also one- 
quarter of an inch. The head is slotted for application of the screA\^ driver. The material 
used in the screAV is one of the stainless steels (18 per cent, chromium, 8 to 10 per cent, 
nickel). Determinations of tensile strength in longitudinal-pulling tests shoAV that the 
smallest screAV Avill not give Avay — that is, the threads aauH not strip — until an average of 
800 pounds has been applied; the second size aauU A\dthstand 1,130 pounds; and the last 
size, almost 1,300 pounds. In these tests, the shank never broke, but the threads stripped. 
Tests of the holding poAver of four or five screws in experimental fractures of the central 
portion of the femoral neck in specimens removed from cadavera shoAAmd that a distracting 
force of 600 to 800 pounds Avas required to separate the fracture, Avhile the screAvs in a 
similar situation Avould AAuthstand a shearing force of from 500 to 1,200 pounds before the 
screAvs cut through the femoral head. The details of these tests and comparison of the 
results of them to the results of tests of other screAvs and materials used for the fixation of 
transcervical fractures of the upper femur Avill be presented in another communication. 
In the tests of distraction, it Avas found that the hexagonal heads occasionally cut through 
the lateral cortex of the femur at the site of entrance of the screAvs. Such cortical breaks 
ahvays occurred Avhen the screAV had been introduced into the lateral femoral cortex in the 
inch immediately distal to the greatest lateral prominence of the trochanter (vastus e.x- 
ternus line) . Consequently, it has noAV become our practice to distribute the pressure m 
this area by thin, stainless-steel Avashers Avith an outer diameter of one-half inch or by a 
small methyl methacrylate plate. When the point of entrance of the screAV Avas placed 
more inferiorly, a thicker osseous cortex Avas engaged, Avhich did not give Avay. The ma.x- 
imal distracting force of 800 pounds or more Avould then pull the head of the femur from 
the screAVS. 

* Read at a meeting of the Chicago Orthopaedic Society, April 14, 1944, and in part at a meeting of the 
Columbus, Ohio, Academy of Medicine, October 16, 1944. 
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The insertion of these screws is started with a drill, equipped with an adjustable 
chuck. When the entering course of the screws has been definitely determined, the drill is 
emoved and the screw is more quickly and firmly twisted home with a brace, equipped 
vith a quarter-inch socket attachment (Fig. 1-B). 

INTERNAL FIXATION 

Transcervical Fractures 

It is almost universally agreed that internal fixation of transcervical fractures of the 
lip from the trochanteric side is preferable to arthrotomy. Moore pins and the Smith- 
Petersen nail offer little or no resistance to a distracting or sliding force directed in the long 
ixis of the femoral neck. This allows intrusion and extrusion of the nail or pins. Telson 



Fig. 1-A 

Slender, hexagon-headed, stainless-steel screws of various lengths, .as used in fixation of the trans- 
cervical femoral fractures. 



I 


Fig. 1-B 

Socket brace to fit hexagon-headed screws, the heads of which are one-quaner of an inch in their 
transverse diameter. 
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and Ransohoff, and Chester have reported satis 
factory experience with Kirschner wires, but ii 
later became evident-- that the wires mighi 
migrate. Slender, uncapped, threaded wires hav( 
been observed by us and by others to migrate 
and, in rare instances, to perforate the pelvis. 

Trochanteric Fractures 

Not so generally accepted is the open reduc- 
tion and internal fixation for fractures in ti 
trochanteric region. A high mortality has bee 
reported for trochanteric fractures, treated b 
methods ordinarily referred to as “conservative’ 
Leydig and Brookes reported a mortality rate ( 

39.2 per cent, in 302 cases of trochanteric fractui 
at the St. Louis City Hospital; Taylor, Neufelc 
and Janzen, 25 per cent, in 165 patients from th 
Los Angeles County General Hospital; Wilson 

24.3 per cent, in sixty-two patients in the Alassa 
chusetts General Hospital; Morris, 44 per ceni 
in sixteen patients at the Charity Hospital in Nev 
Orleans, while the mortality in 164 cases at tin 
Guthrie Clinic and Robert Packer Hospital (pri 
vate and ward cases combined) over a ten-yea 

plate and screws in a typical trochanteric period ending in 1941 has been 39.0 per cent 

These ratios do not tell the whole story. Com 
fort to the patient in freedom of motion in bed, transfer to the wheel chair, and earl] 
crutch ambidation with consequent lack of complications, including decubitus, are thi 
chief advantages of internal fixation. Two of our patients, who have been unfortunafi 
enough to have had earlier hip fractures treated “conservative!}'’”, stated that they prefei 
the internal fixation. 

Key was the first to attempt internal fixation in these fractures, and to report soni( 
of the problems involved. It was his opinion that the low trochanteric fractures, in whicli 
the lateral cortical shell was comminuted or was carried with the upper fragment, could be 
fixed only by wiring. Since that time the use of the Thornton plate, in conjunction with 
the Smith-Petersen nail and other devices, has demonstrated that internal fixation which 
prevents adduction and rotation of the distal fragment Avill maintain reduction. 

The principles enumerated above have been met by different men with various de- 
vices. 

The author’s screws, similar to but longer and more slender than those described by 
Geckler for the fixation of transcervical fractures, depend upon fixation in the lateral 
femoral cortex to maintain abduction Avithout rotation, and hence the proper cervical 
angle. In this report are given our experiences Avith fixation of these fractures Avith a 
molded plate of non-irritating plastic (methyl methacrylate), fixed to the reduced frag- 
ments AAuth stainless-steel screAA^s of the construction described. Figure 2 shoAA'S the 
diagrammatic application of the principle. 

The trochanteric fractures are a heterogeneous group, varying from a simple fracture at 
the base of the femoral neck (just AAuthout or at the insertion of the capsule) to comple.x 
comminuted fractures of the trochanters. These latter fractures in turn grade off into 
the comminuted and spiral subtiochanteiic fiactuies. 

The results reported by others in the internal fixation of trochanteric fractures have 
been encouraging: Morris reported 21.4 per cent, mortality in tAA'enty-eight cases at the 
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TABLE I 

Results is the Treatment op Fresh * Transcebvical Fractures with Stainless- 
Steel Screws (Thirty-Five Cases) 


Result 

No. of Cases 

Per Cent. 

Satisfactory union with a viable head 1 

31 

88.6 

Early necrosis of the femoral head (minimal period of follow-up, 1 year; max- 

0 

0.0 

Union by osteotomy, performed within six months of fracture 

3 

8.6 

^Ton-union t 

1 

2.8 

[mmediate hospital piortality 

0 

0.0 

Mortality nithin first year after pinning (irom unrelated causes) •. . . . 

0 

0.0, 



* All but two patients were brought to the Hospital on the day of the fracture, — the majority within four 
tours. The other two patients were seen on the second day. 

t The non-union was caused by an unsatisfactory primary reduction. It was thought unwise to attempt 
second reduction and fi.\ation, since the patient was a poor operative risk and was bhnd and bedridden. 


Charity Hospital, New Orleans; Key, a “lowered mortality”; Jewett, no mortality in 
five cases; and Thatcher, one death among thirteen patients who were operated upon. 
Moore reported forty-one cases fixed with the blade-plate out of a total of eighty-three 
cases of trochanteric fractures treated by open operation wdthout a fatality. The mor- 
tality rate in our series was 11.1 per cent, (five out of forty-five cases), but the causes of 
fatality were the usual ones in elderly patients who had not been operated upon, and oc- 
curred several weeks after the operation. None of these fatalities occurred in private 
patients. This mortality is less than one-third that observed in a similar group of patients 
in the same hospital, who had been treated in previous years by “conservative” methods 
(Table II). The average hospital stay of eighteen patients with trochanteric fracture 
treated by operation in Morris’s series was twenty-nine and one-half days; the average 
stay of forty surviving patients in this series was forty days. 


MANAGEMENT OF THE PATIENT AND OPERATIVE TECHNIQUE 

Patients who have sustained hip fractures are considered to be emergency cases. 
As soon as roentgenograms of the hip have been made, the patient is transferred directly 
to a fracture bed, and the Thomas or other ring spliiit, which has been used for emergency 
transportation, is removed. Fifty to eighty cubic centimeters of 0.5 per cent, procaine is 
injected about the hip; traction is applied through a Steinmann pin inserted above the 
condyles of the femur; and the limb is supported upon a Braun frame. That reduction 
takes place within a few hours of the time the patient is thus arranged in bed can be dem- 
onstrated by roentgenograms taken the next morning. Heduction may be expected 
m all cases except certain transcervical fractures which offer resistance to reduction by 
traction, because of their peculiar displacement (usually posterior rotation of the proximal 


TABLE II 

Results in the Treatment op Trochanteric Fractures with Methyl Methacrylate 
Plates and Stainless-Steel Screws (Forty-Five Cases) *t 


Result 




1 

40 ' 

SS S 

0 

0 0 

3t 

0 c 


■^atisfactory union without shortening 

Necrosis of the femoral head 

liarly coxa vara, detected by routine roentgenograms, and subsequently' 
treated by additional traction in bod 


* The immediate hospital mortality from the usual causes in patients of advanced years and uiirelated to 
cases, or 11.1 per cent. 

T ACciitional mortality occurring within two years of leaving the Hospital (from unrelated causes) was ten 
““'2 per cent. 

I lliese cases were included in the forty, because the end result was good. 
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Fig. 4-A Fig. 4-B 

Case 2. Preoperative and postoperative roentgenograms of a double fracture, with an intermediate 
free fragment. The superior fracture line is transcervical, while the inferior fracture line is a combina- 
tion trochanteric and spiral subtrochanteric fracture. The long five-inch methyl methacrylate plate 
was used, and the inferior tip of the superior fragment rvas anchored at the lower fracture line by means 
of two loops of stainless-steel wire. 

fragment) . The open reduction is carried out with the patient in bed in the operating room 
(Fig- 5) ; a wooden cassette tunnel which is transparent to roentgen rays, is placed beneath 
the hips. The day of operation varies from one to four days following the fracture. It is 
our experience that one-third of these elderly patients have diabetes mellitus, and almost 
all of them have a moderate degree of secondary anaemia. Eveiy patient routinely re- 
ceives a blood transfusion of 500 cubic centimeters following operation; some patients 
receive preoperative transfusions and more than one transfusion following operation. 
We consider the transfusions important, although shock,' as evidenced bj'^ a reduced blood 
pressure, is seldom seen. Following operation, most patients are out of bed in the wheel 
chair for a few hours daily, but ambulation, even with crutches, is not allowed for three 
months in patients who have suffered transcervical fractures, and for eight weeks in the 
case of those with trochanteric fractures. In complicated fractures, the patients are kept 
recumbent, without being allow'ed in a wiieel chair, for fourteen to sixteen weeks. After 
SIX weeks, all patients are given active and passive knee exercises on the Bohler exercisino- 
frame. 


, DISCUSSION AND RESULTS 

The results of the treatment of thirty-five cases of fresh transcervical fracture are 
given m Table I, from wiiich it is seen that we have obtained satisfactory union with a 
viable head in 88.6 per cent, of the cases. If an open fracture line is still present six months. 
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after operation, it is our practice to remove the screws and perform a subtrochanteric 
osteotomy, fixing the fragments with the Moore-Blount blade-plate. If three cases in our 
series, which were subsequently treated by osteotomy, are included, then satisfactory un- 
ion ^\•ith a viable head was secured in 97.1 per cent. The early reduction that we were 
able to secure in these cases presumably caused a minimal interference with the blood 
supply to the head along vessels which remain in the untorn portion of the reflected cap- 
sule of the neck, this possibly being the reason for the non-occurrence of early necrosis of 
the femoral head. This percentage of union in this type of fracture compares well with 
those listed in Callahan’s review in 1939, which summarized the results obtained by 
various authors to that date. Since then, Cleveland has reported osseous union in 86 
per cent.; Felsenreich, in 93 per cent.; Henderson, in 81 per cent.; King, in 93 per cent.; 
Semb, in 94 per cent. ; and Vails and Lagomarsino, in 82 per cent. All utilized the Smith- 
Petersen three-flanged nail. Moore has reported 96 per cent, union, utilizing his special 
nails. The percentages of union listed above are based on the number of patients who 
surHved the period of hospitalization. 

The special advantage in the use of a threaded appliance is the elimination of all 
motion following fixation. We have had no instances of “absorption of the neck” and, 
therefore, no instances of intrusion of the fixation appliance through the femoral head and 
acetabulum, as is occasionally seen when non-threaded appliances are used. Tests per- 
formed upon experimental fractures of the neck of the femur in moist cadaver specimens 
indicate that the best fixation is secured when the screws are placed in the periphery of 
the neck, especially when two or more screws are placed just wdthin the inferior cortex of 
the neck in a diagonal direction from a point several centimeters below the vastus ex- 
ternus line. This plan has been followed in the cases included in this report. 

Table II shows that we secured satisfactory union vdthout shortening and without 
additional treatment in 88.8 per cent, of the cases (forty out of forty-five cases) of tro- 
chanteric fractures. This includes three cases in which the fixation did not appear to be 
adequate enough to prevent the recurrence of slight coxa vara, and which were sub- 
sequently treated by additional traction in recumbency, with a good result. Whether or 
not the mortality before and after leaving the Hospital indicates that the patients suffering 
from trochanteric fractures are more fragile than those suffering from transcervical frac- 
ture, as is claimed by certain authors -®, cannot be shown conclusively by the small 
number of cases of this report (Table II). There was no instance of decubitus, throm- 
bophlebitis, or pneumonia among the patients suffering from trochanteric fractures. 
Their ability to be about in a wheel chair, free from traction, a number of hours each day 
contributed to their well being. 


CONCLUSIONS 

1. A new type of slender, long, threaded, stainless-steel screw has been described. 
The advantage of a screw in the fixation of hip fractures is that it obtains and holds im- 
paction of the fragments. 

2. The upper lateral femoral cortex is the site of counterpressure for this impacting 
force, which should be diffused by steel washers or plastic plates. 

3. In the fixation of trochanteric fractures, it is necessary to use a plate extension, 
fixed by the screws to the lateral cortex of the upper femoral shaft to maintain internal 
rotation, and to counteract the tendency to redisplacement. 

4. The important principles in the management of patients with these fractures are 
early reduction, fixation following an anatomical replacement of fragments, a postopera- 
tive regimen sufficiently flexible to avoid decubitus and other ills of prolonged and enforced 
recumbencj’^, and the avoidance of ambulation (even with crutches) until union is well 
under way. 

5- The results in thirty-five cases of fresh transcervical fractures include satisfactory 
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union with a viable head in 88.6 per cent, of cases. Union was secured by subtrochanteric 
osteotomy (the necessity of the operation indicated by an open fracture line in the roent- 
genogram six months after fixation) in three additional cases or a total of 97.2 per cent. 
There were no fatalities in this series, and no cases of early necrosis of the femoral head. 
Since the cases have been .observed for only one to three years after operation, no state- 
ments can be made about late necrosis of the femoral head. 

6. The results in forty-five cases of trochanteric fractures include satisfactory union 
without shortening in 88.8 per cent. Mortality from the usual causes among aged pa- 
tients was observed in this group in five cases (11.1 per cent.). This represents a reduction 
of mortality to less than one-third that observed in a larger series of cases treated “con- 
servativel}'- ” in the same Hospital over a ten-year period preceding this study. 
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• MEASUREMENT OF MUSCLE STRENGTH 

BY HENRY MILCH, M.D., NEW YORK, N. Y. 

Destructive criticism has never been too highly appreciated, and negative discoveries 
have never won the Nobel Prize. Yet each may play a valuable and vital role in the 
progress of science and may serve to avoid waste of effort that could profitably be directed 
along other lines. This seems to be true of present methods of estimating muscle power, 
especially with respect to the possibility of muscle transplantation. 

Though the practice of muscle transplantation has by far not fulfilled the earliest 
hopes and expectations with which it was received, it still remains one of the major methods 
in the effort to rehabilitate the paralytic patient. Many pitfalls of a technical nature beset 
its path, but probably the most serious is the inability accurately to gauge the actual 
strength of the patient’s remaining musculature. Without such prerequisite estimates, 
it would seem impossible to avoid the danger of inadequately correcting the existing de- 
formity, or, by overcorrecting, of creating the opposite deformity. Without such records, 
the merit of methods already devised to improve the functional capacity of the patient can- 
not be critically evaluated or a rational therapy established. 

The evident need for such data is indicated by the elaborate muscle charts which have 
been made a part of the medical history of paralytic patients. Though such charts may 
have value for comparative purposes in any given individual, though they may permit of 
analytical study of certain types of muscle imbalance, it must, however, be seriously 
questioned whether they represent what they purport. Do such charts, even when ac- 
curate, really give information as to the actual strength of muscles? Is it possible to meas- 
nre muscle strength under ordinary clinical conditions? Are such measurements as are 
obtained directly applicable to the problems of the orthopaedic surgeon? The answer to 
these questions appears to be in the negative. In consequence, it seems that the value of 
these charts must be accepted within much narrower limits than has usually been accorded 
them. 

It is not unlikely that a large part of the difficulty arises from a confusing equivalence 
of the concepts of “muscle strength”, with that of “work done by muscle”. Since “work 
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done” or torque is, by definition, the result of muscular strength acting upon a lever arm, it 
is clear that the measure of torque cannot by any means be considered as the measure of 
muscle strength. For practical purposes, this differentiation is of paramount importance. 
It is muscle torque of which the patient becomes aware, but it is muscle strength which the 
surgeon transplants, with the object of modifying torque. 

The determination of muscle strength implies the ability to measure the strength of 
an isolated muscle-nerve unit. Except in laboratory animals under experimental condi- 
tions, such observations have been impossible by ordinary clinical methods. Some prog- 
ress in the solution of the clinical problem has recently been achieved by the study of 
electromyograms made with coaxial needle electrodes. In general, it has been found that 
muscle activity is characterized by the generation of a diphasic current which can be meas- 
ured and recorded. Hoefer and Putnam reported that, in normal resting muscles, no 
such currents could be recorded. On the other hand Ploefer noted that “effort and the 
frequency and height of action potentials are roughly proportionate”. Watkins, Brazier, 
and Schwab' noted that “action potentials were studied during voluntary contractions 
such as are required during an ergographic test. The voltage of these discharges was 
found to be pi-oportional to the degree of strength and gave indication of the rate of 
restoration of function. ” However, neither by the measurement of electric potential nor 
by the determination of voltage-capacity curves were they able to establish a numerical 
relationship between the strength of any given muscle and the observed electrical phenom- 
ena. To estimate the so-called strength of the muscle, recourse had still to be made to a 
refined ergographic apparatus^ 

The determination of work capacity lies at the basis of all present methods of measur- 
ing muscle strength. For the purpose of comparing the degree of improvement in any 
given muscle, a quantitative ergogram may have definite value; but fundamentally it gives 
no more objective determination of individual muscle strength than is obtained by the 
simplest clinical method in wliich the muscles are roughly classified as falling into one of a 
varying number of subgroups. The lowest grade, zero, is given to those muscles in which 
there is complete absence of power. The highest, grade six, is given to those in \vhich the 
muscle power is normal. The intermediate grades are assigned categorically to muscles 
which possess the power of movement; of movement against gravity; of movement againsi 
resistance; and so on. Primarily, the objection to this system of notation has been its 
subjective character. The effort to eliminate such estimates in favor of more objective 
determinations has naturally led to the development of elaborate and ingenious measuring 
devices. While admitting the desirability of objective observations, it is .questionable 
whether resolution of the difficulty has been advanced in any notable degree by the use of 
so-called scientific methods. The high degree of elegance which the more recent efforts 
have reached cannot ignore the fact that earlier and equally clever attempts at mechanical 
solution of the problem have met with neither success nor universal approval. 

The reason for this is not far to seek. Except in the hypothetically isolated muscle- 
nerve unit, work is normally accomplished by synergistic action of several muscles or mus- 
cle groups. Each muscle may have several components of action and each supplies only a 
small component of the action under study. Since, it is impossible to determine at any 
given moment the particular contribution of each of the synergists, it is evident that the 
tabulation of individual muscle strength is almost wholly valueless. It is the magnitude 
of flexion, extension, adduction, and abduction around a joint axis, rather than the power 
of the individual flexor, extensor, or adductor crossing the joint which can be recorded. 
The ergographic record obtained by any method is the resultant of many muscle actions, 
rather than the measure of a single muscle force. This is a matter of primary importance, 
and leads logically to the necessity for determining the meaning of the observed numerical 
value of this resultant. 

Smooth, physiological muscle action implies the synergism of antagonist as well as 
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therapy can be instituted, but widely differing results may be obtained. In one patient, 
improper treatment might be followed by an actual decrease in the strength of the exten- 
sors from 35.0 to 10.0 units (the flexors remaining unaffected at a strength of 50.0) . On the 
ergograph, the strength of the extensors would seem to have been decreased to 5.0 (10 
minus 5) units, while the flexors would appear to have increased somewhat in strength to 
49.0 (50 minus 1) units. The disappointment of the examiner at the apparent sixfold 
decrease in the power of the extensors would be with as little basis in fact, as his un- 
warranted satisfaction at the deceptive increase in the power of the flexoi’s. 

Under other circumstances, the actual strength of the extensors might have increased 
to 90, while the flexors remained unchanged. The measuring device would seem to indi- 
cate that, along with the marked increase in the extensors to 85.0 (90 minus 5) units, there 
had occurred a real decrease in the strength of the flexors to 41.0 (50 minus 9) units. 
Though the complete i-eversal of the muscle imbalance would have been dealer demon- 
strated, no small part of this would erroneous!}'' be attifbuted to an illusoiy decrease in 
flexor strength. 

Examples such as these could be multiplied, but to no purpose other than to direct 
attention to the extreme caution with which such apparently objective observations must 
be interpreted. If this be true for measurements made for purposes of comparison, it is 
true to an even greater degree when such measurements are made the basis of- surgical 
intervention. In a hypothetical case of flexion contracture due to a muscle imbalance 
between flexors (actual strength 90 units) and extensors (actual strength 50 units), the real 
difference would be 40 units. Making due allowance for the effect of tonic resistance, 
meter readings would indicate a flexor power of 85.0 (90 minus 5) units, an extensor power 
of 41.0 (50 minus 9) units, and a flexor preponderance of 44 units. Accepting these 
readings at their face value, it would seem that muscle balance at 63 units could be ef- 
fected by a transfer of 22 units from the flexor to the extensor group. However, by ac- 
tually transferring 22 units of muscle power from the flexors to the extensors, the real 
value of the flexors would be reduced from 90 to 68 units, while the real strength of the ex- 
tensors would be increased from 50 to 72 units. In fact, the flexor conti-acture will have 
been converted into an extensor contracture. On the ergograph, the extensors would 
register as 72.0 minus 6.8, or 65.2 units. The flexors would register as 68.0 minus 7.2, or 
60.8 units. The actual extensor preponderance of 4 units would appear on the measuring 
device to be equal to 4.4 units. 

Consideration of these different drawbacks make the efforts at precision measurement 
of muscle strength b}' ergographic methods somewhat futile. But even these become rela- 
tively unimportant, when the problem is viewed in the perspective of those other factors 
which exert a dominating effect on the outcome of muscle transplantation. The work 
performed by any muscle depends not only upon its power, but upon the angle of applica- 
tion of the power upon the motivated lever arm and the length of the lever through which 
the power is applied. It is greatest when applied at right angles to the lever arm, and, in 
general, is expressed by the formula P' = P sine x. The value of the angle x is to be de- 
termined, not by the angle of insertion of the tendon into a given bone, but bj^ its inclina- 
tion to the lever arm, which is the resultant of all the bones between the muscle insertion 
and the axis of rotation at the joint. Axial deviations of this nature may so profoundly 
modify the effective power of a transplanted muscle that the quantitative measurement of 
its original position cannot be accorded any greater dignity than that of historical inteiest 
for all other positions. 

Similarfy, an}' change in the length of the lever arm upon which the muscle works will 
completely alter any judgments made on the basis of preoperative measurement of muscle 
strength. Since work done is equal to the product of the power by the length of the lever 
arm (TF = P X L), a relatii'ely slight variation in L may lead to a totally unexpected 
change in the result desired. Thus, if a muscle, normally inserted one inch from its ful- ^ 
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crum, were to be inserted onlj’’ one-half inch closer to its new axis of motion, the power of 
the transplanted muscle "would be reduced to half. An opposite "^^ariation would increase 
the muscle strength b3'' an amount proportional to the increase in the length of the lever 
arms. Faced with the possibilit}' of such A^^de variations, surgical procedures would have 
to be carried out with theodolite precision to be commensurate with the supposed accuracy 
of muscle-strength determinations. 

The inability accuratelj' to control or positively to determine all of these factors mark- 
edl}'^ narrows the field of application of the usual type of muscle-strength determinations. 
While the possibility exists that, in the future, measurements made by the use of some other 
principle maj’" be devised, the methods at present employed must be accepted merely as 
more or less accurate clinical estimates of muscle strength. In the respect that they tend 
to minimize the subjective character of present methods, the}'" represent some advance 
and maj^ serve for purposes of comparison. Insofar as the actual measurement of individ- 
ual muscle strength is concerned, the hope placed in ergographic determinations appears 
to be entirety chimerical. The pseudoscientific enumeration of the work capacity of a long 
list of individual muscles as a basis for surgical intervention is misleading and should be 
discontinued. At most, muscle charts should indicate the relative strength of flexion, 
extension, adduction, abduction, or rotation possible at the joint under consideration. 
Thej*^ can never be’ elaborated so as to replace clinical judgment, which must finally be 
brought to the anatysis of the surgical problem. The decision as to the availability or 
desirability of any muscle transplant still remains a question of individual surgical judg- 
ment. No amount of objective measurement of Avork capacity can be substituted for the 
subjective estimate of the experienced surgeon. 
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AN OPERATION FOR THE CORRECTION OF LOCKING OF THE PROXIMAL 
INTERPHALANGEAL JOINT OF FINGER IN HYPEREXTENSION 

BY MAJOR JOHN T. BATE 
Medical Corps, Army of the United Stales 

J. G. R., an aviator, was admitted to Thajmr General Hospital January 17, 1944, 
complaining that he was unable to taxi a foui’-motored plane satisfactorily, because of 
locking in hyperextension of the proximal interphalangeal joint of the right fifth finger. 

To properly conti’ol the plane, it was 
necessary to grasp a control instrument 
with the right hand, using the index 
finger to regulate the motor on the 
extreme left, and the fifth finger to 
regulate the motor on the extreme 
right. When he quickly grasped this 
instrument (a type of throttle), the 
fifth finger would lock. He could not 
flex the finger again, until he had used 
his left hand to start the flexion. It 
was then possible to actively continue 
the flexion to its normal completion. 


BEFORE OPERATION 



Drawing showing the fifth finger locked at the proximal 
interphalangeal joint. 



Fig. 2 

Roentgenogram showing the position in which locking occurred. 
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Diagrammatic sketch showing the anatom 5 ’ of the 
proximal intcrphalangeal joint of the finger. 




Sketch showing the line of incision 
through the lateral part of the capsule 
of the proximal interphalangeal joint. 
The lettering helps to illustrate the 
method of repair (See Fig. 7). 


Drawing of the tear on the volar portion of the capsule. 




.Fig. 6 


Drawing showing the repair of the volar 
plate of the capsule. 


AFTER OPERATION 


X'XU< I 

Sketch illustrating the suturing of 
the lateral capsule by a method which 
shortens the anterior portion of this 
part of the capsule. 



Sketch shoii’ing the final result of the operation. 


As we had not previously encountered this condition, and were unable to find a 
description of its repair in the literature, considerable thought was devoted to the problem 
because the officer’s army and civil aviation future depended on its successful solution. 

His history revealed that on August 4, 1943, while engaged in basket-ball practice, he had been struck 
on the end of the right little finger with a basket ball. He reported to sick call and the finger was splinted ; 
no roentgenogram had been taken. ‘ He continued on duty, but noticed that the finger was easily injured 
thereafter, and that the proximal interphalangeal joint remained swollen. 

About October 24, 1943, he had again injured the right fifth finger at the proximal interphalangeal 
joint while playing baseball. He was not wearing a splint at this time. 

Since October 1943, he had had marked instability of the right little finger, and he had been unable to 
use it to control the throttle on a four-motored plane. The finger frequently came out of joint, was sore, 
and greatly interfered with duty. 

Phj’sical examination was negative except that the right hand showed marked instabilitj’ of the prox-imal 
phalangeal joint of the fifth digit. Forced flexion produced discomfort in this joint. Extension caused 
the joint to push forward into hyperextension of about 15 degrees. 

An operation was performed on Januarj' 31, 1944, under intravenous sodium pentothal. A tourniquet 
was applied at a pressure of 200 millimeters, and an incision was made along the lateral surface of the right 
fifth finger at a point between the volar and dorsal nerx'cs and vessels. The lateral surface of the joint was 
opened through the strong fascial capsule, inien this was retracted, it w.os found that there wa^ no volar 
capsule. The flexor tendon could be seen running through .come areolar tissue. The lateral attachment of 
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•the flexor digitorum sublimis tendon was intact. The capsulav structures on the volar surface of the joint 
were dissected back about four millimeters. The contracted volar ligament, still attached to the proximal ] 
part of the middle phalanx, was sutured to the pi-oximal phalanx on the anterior surface. This suture j 
prevented hyperextension of the joint. The lateral capsule was then repaired in such a manner as to shorten , 
the volar side by suturing it more proximally. This prevented complete extension of the joint; it remained 
flexed about 30 degrees. 

The fourth and fifth fingers were then dressed in flexion over a two-inch gauze bandage, and held in 
place by means of adhesive tape and bandage. 

The postoperative diagnosis urns posttraumatic dorsal dislocation of the interphalangeal joint of the < 
fifth finger, of a chronic and rec.urring type. 

The postoperative course was good. ' 

February 1, 1944- He was ambulatory, with the right arm in a sling. The hand was comfortable. 

February 7, 1944- The sutures were removed. There was no infection. 

February 22, 1944'- The dressing was removed and an aluminum splint was applied, which held the 
fifth finger in flexion of 30 degrees at the pro.ximal inteiphalangeal joint. 

February 24, 1944: He returned to paitial duty. 

April SO, 1944: The following report was received: “I have seen the patient several times and he really 
has an excellent result. There is extension to about 160 degrees and no limitation of flexion. He is back on ' 
flying status and is able to use the throttle quite well. I have suggested that he get a hand-ball to carry in 
order to strengthen his grip. There is only slight weakness of the fifth finger which should improve with 
e.xercise.” 

May 4, 1944: Another report read: “He resumed his flying duties on March 21. There has been no 
sign of locking of the fifth finger at the proximal interphalangeal joint and the flyer has been able to resume \ 
full duty with respect to flying four-motored planes. The operation is considered very successful. . . .” 

i 

Note: Through the courtesy of Dr. Samuel Clark, Professor of Anatomy at the Vanderbilt University 
Medical School, it urns possible to dissect a fifth finger in order to work out the details of the anatomy, 
shown in the drawings by the artist, Miss Susan H. Wilkes. 
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BILATERAL SYMMETRICAL BRACHYjMETACARPALIA 
AND BRACHYMETATARSALIA 

Report or a Case 

BY MAJOR FREDERICK J. FISCHER AND CAPTAIN ROBERT E. VANDEMARK 
Medical Corps, Army of the United States 

Bilateral symmetrical shortening of the fourth metacarpal and of the fourth metatar- 
sal in one individual is an extremely rare anomalJ^ Boorstein has reported an apparently 
similar, if not identical, condition in a patient who gave a history of the anomaly in nine 
other members of her family. The rarity of the anomalj’' warrants the report of an addi- 
tional case in which the deformity was not present in any known relative. 

CASE REPORT 

A private, twenty-si\ years of age, was admitted to Bruns General Hospital on April 21, 1944, with a 
transfer diagnosis of (1) bilateral, congenital deformity of the two distal phalanges of the fourth and fifth 
toes, and (2) hj’pertrophic arthritis of the ankles. On admission, the patient’s chief complaints were (1) 
pain in the left leg at the site of a varicosity, and (2) pain in both feet on prolonged standing, walking, or 
drilling. Since early childhood, he had noted that his hands and feet were different from those of other people; 
his parents knew of no one in the family who had a condition similar to his. In adult life his feet became 
painful; relief could be afforded only by limitation of activity. 

Evamination of the feet showed, at first glance, apparent bilateral shortening of the fourth toe (Fig 1) ; 
however further e.xamination showed symmetrical shortening of the fourth metatarsals, with plantar calluses 
under the fourth metatarsal heads. The hands appeared relatively normal nith the fingers extended (Fig. 2), 
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but flexion of the luetacarpophalnngonl joints shoH'cd symnietiical shortening of tlie fourth metacarpals 
(Fig. 3). The eondition of tlio patient's bands caused no complaint. Examination of the ankles nas 
negative. 

As an incidental finding, numeious dark blown pigmented areas, varying in size fiom two to fourteen 
millimeters, were noted on the tiunk and the limbs; some of these areas were elevated above the sm rounding 
skin surface, while others were not. The patient stated that these pigmentations were present in most of 
the members of his family. Because of the e-xcessive complaints of pain at the site of the mild vari\ on the 
lateral aspect of the distal left leg, the patient was seen by a surgical consultant, and later by a ncuiopsj'chi- 
atric consultant, who made the diagnosis of a moderately severe hj'steria. In view of the latter diagnosis, it 
was recommended that no sui-gical treatment of the vaii\ be under-taken, since elaboration and fixation of 
symptoms might result. 

Roentgenogiaphic e.xamination shoned bilateial symmetiica) siiortening of the fourth metatarsal 
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Fig. 4 


(Fig. 4), and bilateral symmetrical shortening of the fourth metacarpal, irith very slight relative elongation 
of the phalanges of the ring fingers (Fig. 5) . The proximal phalanx of the fourth toe on the left was equal in 
length to that of the fifth, while on the right it measured slightly less, due to a hyperextended position of the 
toe. The ankles appeared normal on the anteroposterior and lateral views. Examination of the urine and 
the blood, including the serological test and the sedimentation rate, revealed no abnormalities. 

On the recommendation of the Air Corps Consultant, the patient was discharged from the Hospital to 
limited dut 3 '^, with the provision that he be assigned to duties that involved no prolonged standing, walking, 
or drilling. 


DISCUSSION 

Previously, congenital shortening of a metacarpal or of a metatarsal has been termed 
brachydactjdia, xvhich is defined as shortening of the fingers or toes. In this case, short- 
ening of the fingers obviously is not present, and that of the toes is more apparent than 
real (Figs. 4 and 5). For the purpose of accurate description, as suggested by Steelier, 
the condition is properly called brachymetacarpalia and brachj’-metatarsalia. 

Such anomalies hax^e a hereditary basis. Bagg has clearlj' shown that thej* are the 
recessive to the normal in inheritance. Such recessixm qharacteristics can be transmitted 
m a famil 3 ’- for several generations before reappearance; their presence is forgotten duiing 
the interval, as in the present case. 

The association of the pigmented areas with this anomalj' is of interest. Moore has 
recentlj’- emphasized that the skin pigmentations of neurofibromatosis max' be associated 
with bone abnormalities. Txventx' x'ears ago, Esau stated that nervous or neurotrophic 
causes of shortened metacarpals and metatarsals are not excluded, ex'en in the presence of 
hereditary factors. . 

Painful feet xx'as the chief complaint in Boomtem's patient, as in the present patient; 
this is probably due to the altered mechanics of the metatarsal arch. Cotton and Day 
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Fig. 6 


reported a case of bilateral shortening of the fourth metatarsal, without an associated 
metacarpal shortening, in which the chief complaint was painful feet. Shortening of the 
metacarpals causes no complaint, other than that of deformity. 

The treatment is s^miptomatic. Limitation of activity was the only method which 
afforded relief in the present case. If felt pads or leather metatarsal bars are used, alter- 
ation from the usual forms must be made, because of the proximally displaced fourth 
metatarsal heads. 
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MULTIPLE OSTEOCHONDRAL BODIES IN THE SYNOVIAL MEMBRANE 
OF THE KNEE JOINTS IN A CASE OF MIXED RHEUMATOID 
AND DEGENERATIVE ARTHRITIS 


BY JACOB H. TURKELL, M.D., NEW YORK, N. Y. 

From the Bellevue Ilosjntal* New York 

Alultiple osteocartilaginous bodies of joints occur in greatest number in osteochon- 
dromatosis. Thej^ nray also be of an articular origin, as detached marginal osteophytes 
in degenerative arthritis, in neurotrophic joints, in osteochondral fractures of joint sur- 
faces, and in osteochondritis dissecans. The following is a case, diagnosed as mixed 
rheumatoid and degenerative arthritis, in which multiple osteocartilaginous bodies were 
found embedded in the sjmovial membrane of both knees. 

CASE REPORT 

A. G. (No. 216033), a woman, forty-four 3’cars of age, was first admitted to the Hospital in April, 1942. 
The chief complaint was stiff and painful knees, particularly the right knee. Since the age of twenty-two, 
she had had repeated episodes of arthritis which involved the joints of her hands, elbows, and knees. Clini- 
cal examination revealed fusiform swelling of the proximal interphalangeal joints uith ulnar deviation of the 
fingers at the metacarpophalangeal joints. Motion in both elbows and wrists was considerably limited and 
was associated with thickening of the periarticular structures. Both knees were moderately swollen and 
were limited in motion, with discrete nodular thickenings palpable in the suprapatellar pouches. Roent- 
genogram of the right knee, taken at that time, is reproduced in Figure 1. 

The diagnosis of rheumatoid arthritis with multiple loose calcified bodies was made, and a synoveotomj' 
of the right knee was performed on Maj' 6, 1942. The findings at the operation were reported in part as 
follows; “The synovium was replaced by a thick fibrous tissue. Above the articular surface of the femur in 
the quadriceps pouch were many calcified bodies about the size of marbles and joined together bj^ a fatty- 
looking fibrous tissue.” 

The pathological report stated; “The specimen consists of bonj' particles and fibrous tissue; microscopic 
sections show' an inflammatory reaction of round 
cells, collected in dense aggregations; many of the 
vessels are invested with loose fibrous tissue and, in 
several, lymphoid cells are seen cuffing the vessels. 

Bone spicules and loose fibrous tissue without in- 
flammatory reaction are seen”. 

The patient was discharged, considerably im- 
proved, in June, 1942. 

In October, 1943, she re-entered the Hospital 
because of disabling pain in the left knee. The ini- 
proved status since operation in her right knee had 
remained unchanged. Clinical examination of the 
patient showed both knees to be moderately swollen 
and, in the suprapatellar pouch of the left, the dis- 
crete nodular thickenings described on her previous 
admission were palpable. None were felt in the 
nght. Examination of heart, lungs, abdomen, and 
pelvis w’as normal. Neurological examination dis- 
closed no abnormal findings. 

The laboratorj' report disclosed the following; 
the sedimentation rate varied from eight to twelve 
millimeters per hour; blood calcium, phosphorus, 
and phosphatase levels were normal; uric acid varied 
from two to four milligrams per 100 cubic centime- 
ters; blood and spinal-fluid Wassermann reactions 
w-ere negative; and blood count and urine were 
normal. 

* Orthopaedic Service of Arthur Knda, M.D. 


■ft. 






Fig. 1 

April 15. 1942. Preoperative roentgenogram of 
the right knee, .showing arthritic change-- with multi- 
ple Ioo'h; l)odie.s in the synovial membrane of th<* joint. 


von. XXVII, NO. 1 . JANUAnV 1545 


149 



$ 


J. H. TUnKElrlv 



THC JOURNAL or BONi: AND JOINT SURGEBV 


Fig. 2- a 

April 15, 1943. Shov 
deformity and ulnar dm 
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On October 27, 1943, a synovectomy of the left knee was performed. The joint was filled with thick- 
ened synovia in which were found, in great numbers, calcified bodies, ranging in diameter from one to 
three centimeters. The consistency of these bodies varied from soft and friable to hard and gritty. The 
cartilaginous surfaces, particularly of the femoropatellar articulation, showed areas of erosion and hyper- 
trophic changes as evidenced bj^ the formation of peripheial osteophj'tes. The postoperative course was 
uneventful. 

The pathological report by Dr. Robert J. Poppiti was as follows: 

“Gross Examination: The gross specimen consisted of numerous irregular masses that varied from one to 
three and one-half centimeters in diameter. All were either completely or partially enveloped by the thick- 
ened, ragged, yellowish-gray synovium. Thej' varied in consistency, being hard in some areas, and soft in 
others. The masses consisted of material resembling bone, cartilage, and fibrous tissue. 

“Histological Examination: A section through one of the larger masses shows it to be composed of a cen- 
tral core of well-formed bone with fat between the bony trabeculae. Along the surfaces of some of the 
trabeculae are prominent osteoblasts. At the peripheral surface, the bone in a few places is covered with 
cartilage that is undergoing ossification. The mass of bone is surrounded by a capsule of connective tissue of 
varying density and width; in it are small islands of well-formed cartilage and an occasional small mass of 
osteoid. Continuous with this capsule is a long strip of fibrocartilage. The capsule surrounding the bone 
contains large groups of lymphoc 3 des usually in the vicinity of small blood vessels; on the surface is a layer 
of prominent columnar cells. Section of another mass reveals it to be of essentially the same composition. 
Attached to this mass are several finger-like projections of fibrous tissue, densely infiltrated with lymphocytes 
and covered with columnar cells. A third mass is composed of fat and connective tissue; it is moderately 
vascular and contains scattered aggregates of lymphocytes and plasma cells. Another one of the masses has 
a center of bone, with fat between the trabeculae. Small islands of cartilage at the periphery of the bone are 
being calcified and transformed into bone. The, surrounding capsule of connective tissue is moderately 
vascular and contains pockets of Ij'mphocytes near blood vessels. Slender projections of connective tissue 
extend from the surface: these are the site of chrome inflammatory reaction and are covered with one or more 
layers of columnar cells.” (See Figures 4, 5, and 6.) 

The slides of the tissue removed from the right knee (May 6, 1942) were reviewed. No masses of osteoid 
tissue, similar to that shown in Figure 6, could be found in the slides available for study. 

DISCUSSION 

The presence of osteochondral bodies in the synovial membrane of both knees to 
such an extent as to simulate osteochondromato.sis is certainly an unusual feature when 
occurring in joints which are the seat of rheumatoid and degenerative changes. 



Fro. 3-A Fro. 3-B 


April 15, 1943. Preoporative roentgenograms, showing atrophic arthritic changes of the left knee, 
wrth multiple loose bodies of tire ostcochondrornatous type and hypertrophic changes, particularly of 
the femoropatellar articulation. 
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Secondary neuropathic derangement superimposed upon a clironic long-standing 
rheumatoid and degenerative arthritis might conceivably have given rise to the picture 
presented. This, however, may be ruled out by the absence of abnormal neurological 
findings and the negative blood and spinal-fluid Wassermann reactions. 



Fig. 5 


Pliotomicrograph (X72), .shoiving an island of well-formed cartilage and bone spicules within a 
synovial vnllus. Along the surfaces of the bone, osteoblasts are prominent. 
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Fig 6 

Photomicrograph (XI 10), showing an area of osteoid tissue in a chronically inflamed syno\aal ^ollus, 
indicating osteoid metaplasia of the sj novial membrane 

That the case may be one of osteochondromatosis in a chronic rheumatoid arthritis 
might also be considered. Opposed to this are the involvement of both knees, the his- 
tological evidence of a chronic synovitis, and the absence of nests of embryonal cartilage 
cells in various stages of transformation to the more mature type, which would indicate 
that the changes seen in the sjmovial membrane are most probabl 3 " due to an inflamma- 
torj", rather than to a neoplastic or developmental process. 

It is further conceivable that these bodies arose from peripheral osteophides a hich 
became detached and then secondai embedded in the sjmovial membrane. Yet it is 
difficult on this basis alone to account for the large number of bodies present, the absence 
of anj"^ dead bone or amorphous mairow in the core of at least some of the bodies, and, 
particularty, the histological evidence of isolated areas suggestive of osseous metaplasia 
in the villi of the chronicalty inflamed sjmovial membrane (Fig. G). 

There is also the possibility that these bodies maj- have arisen b\’ direct metaplasia 
of the chronic granulation tissue. The paucitj- of areas of osseous metaplasia found on 
histological examination and the failui-e to note nests of cartilage cells of the more em- 
brjmnal type, vith subsequent maturation and ossification, doe« not particularlj' favor 
such a concept. However, in the chronicalh' inflamed s.vnovial membrane appear areas 
of osteoid tissue (Fig. G), together with islands of v ell-formed cartilage and bone spicules, 
the sin faces of the latter lined bj" osteoblasts (Fig. 5). 
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A TREATMENT FOR DISPLACED FRACTURES OF THE PELVIS 

BY CAPTAIN CAROLL M. SILVER AND MAJOR HAROLD W. RUSBRIDGB 
Hledical Corps, Army of the United States 

Many methods have been employed in the treatment of fractures of the pelvis. In 
1935, Jahss reported an ingenious technique which was both simple and effective. The 
lower extremities were encased in individual long-leg plaster casts, and two turnbuckles 
were incorporated between them, one, transversely between the thighs, and the other, 
between the ankle portions of the casts. This created a trapezoid with rigid sides and 
movable horizontal bars. The lower extremities thus became functional levers. By 
opening the upper turnbuckle and closing the lower one, a powerful horizontal distracting 
force could be applied to the pelvis through the medium of the ligaments of the hip joints. 
Overriding fractures of the ischial and pubic rami, or fractures of the acetabulum with 
intrapelvic protrusion of the femoral head, could be reduced readily by this method. In 
the case of a distraction injury of the pelvis, such as a separation of the symphysis pubis, a 
compression force to effect reduction was applied to the pelvis by closing the upper turn- 
buckle and opening the lower one. 

A patient with an overriding unilateral fracture of the pubic and ischial rami was 
admitted to a station hospital in North Africa, and it was planned to treat the pelvic frac- 
tures by the Jahss method. Since turnbuckles were unobtainable, a simple substitute was 
necessary. This case report is presented as a practical suggestion for the treatment of 
pelvic fractures, and may be of particular use in military hospitals overseas where non- 
standard equipment must often be improvised or a substitute found. 

CASE REPORT 

J. T., a Navy lieutenant, thirty-six years of age, was admitted to a station liospital in North Africa, April 
16, 1943, shortly after he had been thrown from a jeep which overturned while in motion. The patient was 
in moderate shock, and an intravenous infusion of 1000 cubic centimeters of plasma was begun at once. 
Examination revealed a severe laceration of the right scrotal sac, with protrusion of the right testicle through 
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the wound, ^larked tenderness over the left pubic and ischial rami was found, and lateral compression of the 
1 pelvis caused severe pain in this region. A tentative diagnosis of fracture of the pelvis was made. The pa- 
tient was catheterized soon after admission; clear yellow urine was obtained. Several hours later, a roent- 
I genogram of the pelvis was made, which revealed fractures of the left superior pubic and ischial rami with 
moderate overriding of the fragments (Fig. 1). Padded plaster-of-Paris circular casings were applied to each 
' lower e.xtremity from the upper thigh to the ankle, with the knees in full extension. A pad of felt, three- 
1 quarters of an inch in thickness, was applied about the upper thighs, the knees, and the ankles before the legs 
were encased in plaster. The scrotal laceration was cleaned thoroughly with normal saline, the testicle was 
f replaced in the scrotal sac, sulfanilamide powder was sprinkled into the scrotum, and the laceration was re- 
paired with interrupted black-silk sutures. Two days later, when the casts w'ere dry and firm, the patient 
j was placed on the x-ray table in the supine position. He had been given a quarter of a grain of morphine half 
an hour earlier. A wood block, six inches wide and two inches thick, was placed transversely betw'een the 
r upper-thigh portions of the plaster cylinders, and a webbed canvas strap with a buckle was placed around the 
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ankles (Fig. 2). The webbed strap was tightened, producing a horizontal distraction force on the pelvis by 
levering the lower extremities over the block fulcrum. When the patient complained of moderate pain at the 
fracture site, the tightening of the strap v’as stopped, and a I'oentgenogram of the pelvis was made. The 
postreduction roentgenogram showed complete correction of the overriding with normal alignment of the 
fractirre fragments. The wood block and webbed strap were incorporated in the plaster-of-Paris casts to 
ensure fixation of the reduced fragments (Fig. 3), and the patient was returned to the ward. 

It had been almost impossible to place the patient on a bedpan, because of the severe pain prior to the 
final fi.\ation of the plaster casts. Following immobilization in the casts, the patient could be lifted on a 
bedpan or could be turned with ease, and he was able to sit up in bed or in a wheelchair without difficulty. A 
roentgenogram taken several days later showed no change in the anatomical alignment at the fracture sites 
(Fig. 4) . The scrotal wound healed per primam and the sutures were removed after one week. On April 
28, 1943 the patient was transferred to a Naval Dispensary in accordance with orders from Headquarters and 
no further record has been obtained regarding the case. At the time of transfer, the officer was quite com- 
fortable and was out of bed dailj’' in a wheelchair. 

COMMENT 

The materials required for reduction and immobilization of pelvic fractures are few 
and easil}'' obtainable. They include plaster-of-Paris, sheet wadding, felt, a block of 
wood, and a webbed strap or ordinar}'- trousers belt. For a distraction fracture or pubic 
symphysis separation, the block of wood and Avebbed strap are simph'' reversed. Mor- 
phine sedation Avas adequate in this instance for the reduction procedure. The obturator 
muscles and pelvic ligaments act as automatic aids to check the possibilit}^ of overdistrac- 
tion in the reduction of overriding fractures. In a second article in 1939, Jahss advised 
the use of tivo turnbuckles betAATen the thighs to prevent external rotation of the limbs. 
The authors made no special attempt to prevent the external rotation of the loAATr ex- 
tremities, since the transverse distracting force AA'^as not affected. In fact, a slight amount 
of external rotation is desirable, since it reduces the amount of direct stress on the lateral 
ligaments of the knee, caused bj^ the leA’-erage action of the reduction mechanism. 

The patient is surprisingly comfortable in the retention casts after the initial post- 
operative reaction, and he can be turned over or propped up in bed; he can be placed on a 
bedpan, or can be put in a Avheelchair. Of great importance in AA'artime is the fact that the 
patient can be transported Aiath safety to a base hospital or other rear echelon installation. 
Associated AAWinds of the pelvic region can be treated Avith ease, since only the loAA^er 
extremities are enclosed in the casts. 

If the pelvic fracture is complicated by displacement in the vertical axis, the incorpo- 
ration of a Roger Anderson Avell-leg apparatus in the casts for A'^ertical traction, as reported 
bj'’ JeAA'^ett, AAmuld be adAusable. 


REFERENCES 

Jahss, S. A.: Injuries Involving the Ilium. A New Treatment. J. Bone and Joint Surg., XVII, 338, Apr. 
1935. 

Injuries Involving the Pelvis. Am. J. Surg., XLIII, 394, 1939. 

Jewett, E. L.: A Method for Treating Displaced Fi-actures of the Pelvis. J. Bone and Joint Surg., XXI, 
177, Jan. 1939. 


THE jounxAE or noxE AXD joiXT sunonnA' 



RAPID ROENTGENOGRAPHY IN THE OPERATING ROOM 


BY W. L. MINExVR, M.D., PH.D., MEMPHIS, TENNESSEE 
From the Willis C. Campbell Clinic, Memphis 

The purpose of rapid roentgenography in the operating room is to save anaesthetic 
time, especially in patients who are poor risks, and to facilitate the developing of roent- 
genograms in hospitals where the dark room is remotely or inconveniently placed. The 
problem of rapid roentgenography has been discussed by Ollerenshaw, who used a special 
single-solution developer in a portable box. The formula was unique in that it contained 
hypo mixed with developer in a highly alkaline solution, and fixation proceeded at the 
same time as development. This caused a tendency to reduce film density, and it was, 
therefore, necessary to double the normal exposure time. The chemicals were mixed 
immediately before being used, and, because of instability, were discarded after one use. 
The solution was contained in a developing tray, placed in the bottom of the portable box. 
The cassette was unloaded in the light-tight box, and the film was developed for forty- 
five seconds, when it was ready for inspection by the surgeon. The film was then immersed 
in hypo, as in the standard procedure when permanent films are desired. F. R. Wilkinson 
modified Ollerenshaw’s solution and discussed its use. 

Our experience with the single-solution developer revealed its advantages of speed 
and simplicity. Its disadvantages were a low-density film with yellow discoloration (fog), 
and non-diagnostic lateral hip films in heavy subjects. The solution is unstable, can 
be used only once, and costs approximately fifty cents per 1000 cubic centimeters. 

It was found that the quality of the films could be improved to some extent, with less 
fog, if the films were immersed in hypo for five to ten seconds after developing. The 
roentgenograms of extremities and hips in thin subjects were considered diagnostic, and 
were of fair quality; however, continued difficulty was experienced in visualizing the head 
and neck of the femur in the lateral exposure in heavy subjects (curved cassettes were 
used). Because of these difficulties, the single-solution developer was discarded in favor 
of a fast, concentrated, commercial liquid developer* which was used warm or at room 
temperature, with the standard procedure of successive immersion in developer, wash 
water, and hypo. This procedure was carried out in a light-tight portable box in which 
was installed a standard dental tank, large enough to hold films eight by ten inches in size. 
Films are developed one minute, at 85 degrees Fahrenheit, are rinsed, and are placed in 
hypo for thirty seconds. It was found that one and one-half to two minutes for the whole 
procedure was rapid enough for all practical purposes, and films of good quality were ob- 
tained. The time-temperature factors for fre.sh developer are; one and three-quarters 
minutes at 75 degrees Fahrenheit, one and one-quarter minutes at 80 degrees Fahrenheit, 
one minute at 85 degrees Fahrenheit, and forty-five seconds at 95 degrees Fahrenheit. 
About forty-five films, eight by ten inches, may be developed in three-fourths of a gallon 
of developer before any lessening of film density wfill be noticed. The rate of oxidation 
of developer doubles for each 10-degree rise in temperature over 65 degrees Fahrenheit. 
The higher the concentration of developer, the more rapid is the oxidation. 

The developing solution can be warmed to the desired temperature immediately be- 
fore it is used, or it may be kept at a constant temperature while in use bj’ a special ther- 
mostatically controlled heating unit immersed in the developing solution. Construction 
of the portable box, placement of the cas.sette and tank, and the nature of the film holders 
are illustrated in Figures 1 and 2. 

* Tl'c (ime factors mentioned are b.ased on the use of “Siiperinix developer” and “hypo" (General 
Electric), used in dilution recommended. 
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The portable dark room should be conveniently placed near the x-ray view box in 
the operating room. The temperature of the warm developing solution should be meas- 
ured, and the developing time should be predetermined by reference to the time-tempera- 
ture table. Roentgenograms are taken with the portable x-ray unit; the operator follows 
standard technique for the part. The -developing time need not be increased, but this is 
left to the discretion of the technician. Our technique for lateral hip roentgenograms 
involves the use of a curved cassette placed between the legs. The anteroposterior view 
is taken vdth a flat cassette with attached Siemen’s grid, and is placed in an x-ray tunnel 
centered under the patient’s hips. The curved cassette is placed on top of the flat cas- 
sette on the left side of the box. The lid is closed, and the technician inserts his hands and 
arms in the light-proof sleeves attached to the portholes; both hands are used to unload 
the curved cassette. The film is held with the left hand, and the film holder, which is 
kept in the box, is grasped in the right hand; the film is then attached. The film is placed 
in the developing solution in the back compartment of the tank. This procedure is re- 
peated for the anteroposterior film in the flat cassette. The two films remain in the de- 
veloper for the proper length of time (for example, one minute at a temperature of 85 
degrees Fahrenheit), are rinsed briefly in water in the center tank, and then are placed in 
hypo contained in the front compartment. The technician now may withdraw his hands 
and open the lid of the box. Ideally the films should be left in the hypo as long as the 
developing time, but they may be vdthdravm from the box in thirty seconds and placed 
on the view box for inspection. If permanent films are desired, they should be reimmersed 
in hypo, and washed and dried in the usual manner. 

The cassettes may be loaded in the box as follows: A box of film, eight by ten inches, 
is placed flat on the cassette platform (Fig. 2, B), so that the lid may be removed toward 
the right. ' The unlocked flat cassette opening to the right is placed on the box of film, and 
the unlocked curved cassette, in turn, is placed on the flat cassette. The portable box is 
now closed, and the technician inserts his arms in the sleeves. The lid from the film box 
is removed and is placed under the cassette platform. Cassettes are opened individually 
with the left hand, and the film is inserted with the right hand. Cassettes are then 
locked, using both hands, and the lid to the film box is replaced. Films are stored under 
the cassette platform between loadings. 

The solutions are stable, and can be kept in the tank or stored in gallon bottles. 
Wash water should be drained after each use. The tank can be easily lifted out of the 
box, or the developing and hj'^po compartments within the tank may be lifted out sepa- 
.rately and cleaned. 
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A CASE OF CYST OF THE SACRUM WITH NO INCREASE 

AFTER THIRTY YEARS 

BY JOEL E. GOLDTHWAIT, M.D., BOSTON, MASSACHUSETTS 

/ 

On March 18, 1920, a case was reported in the Boston Medical and Surgical Journal 
entitled “A Case of Tumor of the Sacrum”. This report is now given, since it seems ol 

distinct value to know something oi 
what happens in these cases. 

At the time the case was first reported, the 
patient, a woman, was forty-four years of age. 
Slie had been referred to me in November 1909 
Iw Dr. Maurice H. Richardson, who sent the 
following letter: 

“Slie was operated upon by a friend of 
mine. Dr. Giles, of Hanover, N. H. Dr. Giles 
some j'^ears ago did a vential fi.vation. It was 
thought at that time that she had some malig- 
nant disease of the liver. I studied her case 
carefulh' and then operated, finding that the 
ventral fixation had become separated and that 
there were gall-stones. I removed the gall- 
stones and fixed up the uterus. In the hollow of 
the sacrum there u'as a mass which I supposed 
to be inflammatory before operation. Inside 
the abdomen I found a firm mass connected with 
Fig. 1 the sacrum, sessile, broad, and evidently con- 

Reproduced from Boston Medical and Surgical Journal taining fluid. We thought at the time that this 
by courtesy of The Neiu England Journal of Medicine. might be due to caries of the sacrum. She has 



Fig. 2 

Januarj’^ 19, 1933. 
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June 2, 1944. 


f Vionitli The mass in the hollow of the 
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MARCH FRACTURE OF THE NECK OF THE FEMUR 

A Case Report 

BY MAJOR MURRAY E. GIBBBNS 
Medical Corps, Army of the United States 

In view of the present interest in march ("insuflficiency”, ‘'fatigue’’) fractures, the 
author submits herewith a report of a case of march fracture of the neck of the femur, sim- 
ilar to those reported by Branch, Mullard, and Watson and Berkman. 

The patient, a white male, thirty-eight years old, was brought to the Orthopaedic Section of the Station 
Hospital, Camp Barkeley, Texas, on January 7, 1943.- He was a man of rather asthenic build, and prior to 
induction he had been a dentist. He had experienced sudden, severe pain in his right hip during a twenty- 
five mile march, and was unable to bear weight on his right leg. There was no history of injury or unusual 
strain, other than that of walking. He had not fallen, and he could not recall having stumbled or having 
turned his ankle. He had had no similar attacks of pain previously. There was some muscle spasm on ro- 
tation of the right hip; otherwise thei-e was no limitation of motion except upon sudden extension. The 
diagnosis on admission was acute arthritis of the right hip. 

Roentgenographic examination 

A series of roentgenograms was taken, and the final diagnosis of march fracture of the neck of the femur 
was made. 

The first x-ray (January 8, 1943) yielded “negative” findings. Howevei-, on minute scrutiny, it was 
subsequently found that there was a break in the continuity of the cortical surface of the inferior margin of 
the femoral neck (Fig. 1), which appeared as a very small, oblique, linear defect in the corte.\'. No similar 
break could be found in the superior margin of the neck. 

On January 29, 1943, the second roentgenogram was taken, and the following report was made: “There 
is definite evidence of a fracture through the neck of the right femur, with discontinuity of the cortical borders 
in each side, and a line of decreased density extending across the neck, bordered by an increase in density on 
each side. The line of the neck and head of the femur has not been altered. We believe this is a march 
fracture of the neck of the right femur”. 

A third x-ray, under date of February 20, 1943 (Fig. 2), showed that, “There is now some bone conden- 
sation about the previously described fracture line across the neck of the right femur”. 

The report after roentgenographic examination on April 5, 1943, stated: "There is obliteration of the 
previously reported fracture line, with visible callus on the medial side of the neck of the right femur". 

Treatment consisted of bed rest, with motion allowed in bed. On January 14, exercises in bed were 
started, and the patient was permitted to be up on crutches for short periods of time, without weight-bearing 
on the right leg. A week later, he had good, active motion in the right hip. Weight-bearing was not allowed 
until one month after admission, at which time he began to walk with a cane. 

On March 12, 1943, the patient was placed on temporary “limited service” status for a period of six 
months. This was chiefly because of his age and the type of injury. 

This soldier returned to duty from the Hospital on March 19, 1943, and was able to complete his basic 
training without difficulty. 

Follow-up examination was made at the Orthopaedic Clinic on May 5, 1943. A roentgenogram taken 
at that time (Fig. 3) showed good healing, with a moderate amount of callus at the fracture site. The hip 
joint functioned normally, and the patient walked without diffieulty. 
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Fia. 1 Fig. 2 Fig. 3 

.Iniumry 8, 19 13. The Ion or .arrow indicates the February 20, 1943. Between the two ai rows is May 5, 1943. Increased density is visible at the 

'■lie of tile lircnk m the continuity of tlie cortex on the area of bone condensation. fracture site, with callus at the medial side of the 

(lie inferior surface. femoral neck. 




BILATERAL CONGENITAL CALCANEOCUBOID SYNOSTOSIS 

A Case Report 

BY CAPTAIN HOWARD W. MAHAFFEY 
il / cdical Corps, Army of the United States 

From the Orthopaedic Service, A.A.F. Regional Station Hospital, Truax Field, Madison, Wisconsin 

Congenital synostosis of the tarsal bones appears to be a rare deformity, since only 
few cases have been reported in the literature. Congenital fusion of the calcaneocuboi 
joint in the foot, without either sjmostosis or absence of other tarsal or metatarsal bone 
has been reported by Wagoner, and Bargellini. Wagoner’s patient was a boy, nine yea: 
of age, who had pain in both feet on arising, with relief following exercise. Lapidus n 
viewed the literature on congenital fusion of the foot bones and described a case of tah 
navicular synostosis. O’Donoghue and Sell have reported another case of congeniti 
talonavicular synostosis. 

The tarsal cartilages appear in the embiyo of about fourteen millimeters, and th 
joint cavities develop in the embryo twenty-five to thirty millimeters long. It is at th: 
later period, when the foetus is approximately two months old, that there is a failure ( 
the joint cavity to develop, and the two bones grow as one. 

CASE REPORT 

A white male, thirty-five years of age, was seen in the Orthopaedic Clinic of the Station Hospital, Trua 
Field, with the complaint of back pain. He had sustained a fracture of the right lateral malleolus four yeai 
previously, and had felt pain on walking on the right foot since that time. There were no complaints refei 
able to the left foot. E.xaminatlon of the feet showed bilateral pes planus of 2 degrees. Dorsiflexion w£ 
limited, as were eversion and inversion of both feet. A roentgenogram of the right foot was ordered, anc 
when structural changes were found, one of the left foot was taken for compai-ison. 

The roentgenogram of the right foot (Fig. 1-A) showed no joint space between the calcaneus and th 
cuboid. These bones appeared otherwise normal. The subtalar joint was normal. On the posterior sui 
face of the talus was a mass of bone which measured one by one centimeters. A mass of similar size an 
appearance was present on the anterior superior surface, just posterior to the talonavicular joint. Th 
roentgenogram of the left foot (Fig. 1-B) showed it to be similar to the right, except that there were hypei 
trophic changes at the cuneonavicular articulation. Since there was no history of severe trauma or infectio 
in either foot, and the identical lesion was found bilaterally, a diagnosis of bilateral congenital calcaneocuboi' 
synostosis was made. 


DISCUSSION 

As motion in the calcaneocuboid joint is prohibited in this condition, there is a straii 
on the other intertarsal joints, and an anomaly of this type is likely to be symptomatic 
The hypertrophic changes in the left foot in this case are probably the result of this strain 
As a therapeutic measure, a subtalar and talonavicular arthrodesis might prevent such ( 
strain on the other intertarsal joints and relieve symptoms. This was not attempted n 
this case because of military policy. 


REFERENCES 

Babgeulini, Demetrio: Fusione calcaneo-cuboidea e piede piatto. Arch. Italiano di Chir., XXI, 386, 1928. 
Kadeebach, G.: Ein Beitrag zu den Fusswurzelsynostosen. Arch. f. Orthop. u. Unfall-Chir., XL, 363, 1940. 
Lapidus, P. W.: Congenital Fusion of the Bones of the Foot; With a Report of a Case of Congenital Astraga- 
loscaphoid Fusion. J. Bone and Joint Surg., XIV, 888, Oct. 1932. 

O’Donoghue, D. H., and Seel, L. S.: Congenital Talonavicular Synostosis. A Case Report of a 

Anomaly. J. Bone and Joint Surg., XXV, 925, Oct. 1943. , t • f 

Wagoner, G. W.: A Case of Bilateral Congenital Fusion of the Calcanei and Cuboids. J. Bone and Join 

Surg.,’ X, 220, Apr. 1928. 


164 


the JOURN'AL of BON’E and JOI.N'T surger'' 





V PLASTER SPLINT FOR MAINTAINING REDUCTION OF 
CONGENITAL DISLOCATION OF THE HIP 

BY R. PLATO SCHWARTZ, M.D., ROCHESTER, NEW YORK 

The purpose of this brief illustrated report is to reveal the advantages of departure 
from the conventional plaster spica for immobilization of congenital dislocation of the hip. 

On March 29, 1944, when the patient, (J. F.) was two years of age, a closed reduetion of bilateral con- 
genital dislocation of the hip was performed, with fixation in a conventional plaster spica. 

On April 14, 1944, the patient was discharged to her home. 

On April 26, 1944, she was readmitted, because the spica was saturated with urine, and there was 
cutaneous inflammation over the pelvic area and the proximal third of both thighs. The inflammation 
cleared up within two weeks following the i-emoval of the spica. Recurrence of bilateral dislocation (Fig. 
1-A) made a second reduction necessary. 

On May 9, 1944, closed reduction of both hips was again done ; fi.xation was obtained by a V plaster splint 
(Figs. 2-A and 2-B). Roentgenograms showed that the reduction had been maintained (Fig. 1-B) bj" this 
V splint when patient was sitting up (Fig. 1-C). 

On August 18, 1944, the patient was readmitted. The plaster was unsoiled, but tight from increased 
growth of the patient. New plaster was api^lied without anaesthesia (Fig. 1-D). 

The roentgenograms indicate that reduction of both hips has been maintained in two successive V plas- 
ters. It is now nearly six months since the first one was applied to this patient. During that time, the 
patient has been free to sit up, and the reduction has remained unchanged. 



Fig. 1 


A Bilateral dislocation before reduction. 

B. Closed reduction maintained by ^ plaster splint. 

n maintained, patient Sitting up (Compare with I'lg. 2 -a;. , , , 

D. Reduction maintained hy second V plaster splint (Note the difference in the acetabula by com- 
paring A and D). 
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The extension drill with sleeve is very simple in construction, and can be made at little 

cost. A piece of drill rod, or 
other suitable steel rod, twenty- 
one centimeters (9 inches) long, 
is brazed onto an ordinary drill 
point of the desired size (Fig. 
1). The extension should be 
slightly smaller than the drill 
point. Brazing is preferred to 
welding, because the bond which 
it produces is less apt to frac- 
ture. The joint is made smooth 
and of the same size as the e.x- 
tension rod. 

The sleeve for the larger 
sizes of drill points is made from 
a piece of galvanized cast-iron 
pipe, 13.75 centimeters (53^ 
inches) long, with a bore 0.3 
of a centimeter (3^ of an inch) 
in diameter. Copper tubing is 
used for smaller drill points. 
The ends of the sleeve are care- 
fully reamed out to the full size 
of the pipe or tubing, and they 
are smoothed with a file or 
emery cloth. A close fit be- 
tween the drill point and the 
sleeve is not desirable; a quite loose fit works well, and makes it possible to use one sleeve 
for several sizes of drill points. 

In drilling holes nearly parallel with the axis of the bone, four main difficulties are 
encountered. 

In the types of motor drills more commonly used (excluding the cable-drive type), the 
motor will not lie flat enough against the extremity, so that the hole can be properly 
directed. The long drill point overcomes this by allowing the motor to be placed so far 
from the incision that it can be held close to the patient, thus making almost any angle 
possible. 

When the drill point rests on the soft tissues at the end of the wound from which the 
hole is being drilled, the tissues are badly traumatized. The sleeve completely shields the 
soft tissues from the drill point, because the latter runs inside the sleeve and the sleeve does 
not turn. 

In drilling holes at an acute angle, the tip of the drill point frequently skids about, 
when the hole is being started. This can be overcome very easily with the extension drill 
with sleeve, by grasping the sleeve firmly and holding the drill point in the desired place. 

The fourth difficulty is that the drill point is sometimes too short to go through the 
bone. This is overcome by the long extension on the drill point. 

It has been found that the extension drill with sleeve is of great value in drilling holes 
in bone at odd angles, particularly the hole required in the Nicola operation. It facilitates 
the drilling, saves operating time, reduces trauma to the soft tissues, aids in the accurate 
placing of the hole, and obviates the danger of the drapes catching on the drill point and 
becoming wound around it. 



MILL POINT WITH SLEEVE IN PLACE OVER IT. BY GRASPING THE 
SLEEVE WITH THE FINGERS ACCURATE CONTROL OF THE DRILL 
POINT IS obtained. THE SLEEVE PROTECTS THE SOFT 
TISSUES OF THE WOUND. 

Fia. 1 
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THE AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS 

By unanimous vote of its Executive Committee, The American Academy of Orthopaedic Surgeons has 
postponed to an indefinite date the Thirteenth Annual Convention, which was scheduled to be held in 
Chicago, January 21 to 24, 1945. This action was taken in compliance with the request of the Office of 
Defense Transportation. 

The Fellows of the Academy elected during the past year are the following: 

Dr. Alexander Philip Aitken, Boston, Massachusetts. 

Dr. Harry B. Allison, Tacoma, Washington. 

Dr. Alvin M. Arkin, New York, N. Y. 

*Dr. Sam W. Banks, Chicago, Illinois. 

Dr. William P. Bartels, Garden City, New York. 

Dr. Clarence W. Betzner, Cincinnati, Ohio. 

Dr. Donald W. Blanche, South Pasadena, California. 

Dr. Henry Briggs, East Orange, New Jersey. 

Dr. Brandon Carrell, Dallas, Texas. 

*Dr. Francis J. Cox, New Orleans, Louisiana. 

*Dr. Anthony F. De Palma, Newark, New Jersey. 

Dr. Douglas D. Dickson, Oakland, California. 

*Dr. Kerwin Armand Fischer, Louisville, Kentucky. 

*Dr. John D. B. Galloway, Minneapolis, Minnesota. 

*Dr. J. Neill Garber, Camp Bowie, Texas. 

Dr. Harold W. Gehring, Detroit, Michigan. 

*Dr. Everett Moore George, Des Moines, Iowa. 

*Dr. David Goldberg, New York, N. Y. 

*Dr. James William Graham, Sioux City, Iowa. 

*Dr. Walter C. Graham, Santa Barbara, California. 

*Dr. Ronald S. Haines, Phoenix, Arizona. 

Dr. Bernard Mark Halbstein, Long Branch, New Jersey. 

Dr. Delbert Hand, San Francisco, California. 

*Dr. Charles U. Hauser, Cincinnati, Ohio. 

Dr. George Washington Holmes, Winston-Salem, North Carolina. 

'Dr. J. Howard Johnson, Milwaukee, Wisconsin. 

*Dr. Robert W. King, Pasadena, California. 

*Dr. Earl S. Leimbacher, Joliet, Illinois. 

*Dr. Irwin Snyder Leinbach, Reading, Pennsylvania. 

*Dr. Allen S. Lloyd, Washington, D. C. 

Dr. Ian MacKenzie, Tulsa, Oklahoma. 

Dr. Ira 0. McLemore, Seattle, Washington. 

Dr. Arthur A. Michele, New York, N. Y. 

*Dr. Abraham Myers, Philadelphia, Pennsylvania. 

Dr. Lawrence Noall, Portland, Oregon. 

Dr. Maurice F. O’Connell, Hartford, Connecticut. 

*Dr. Darrell O. Overpeck, Fresno, California. 

*Dr. Edward Parnall, Denver, Colorado. 

Dr. Fred A. Polesky, Los Angeles, California. 

Dr. M. John Rowe, Jr., Long Beach, California. 

*Dr. F. 1. Schwartzberg, Paterson, New Jersey. 

Dr. James W. Shumate, San Francisco, California. 

Dr. Harvey W. Sigmond, Indianapolis, Indiana. 

Dr. Homer H. Stryker, Kalamazoo, Michigan. 

Dr. F. Eberle Thornton, Iowa City, Iowa. 

*Dr. W. P. Warner, Atlanta, Georgia. 

Dr. George Whiston, Casper, Wyoming. 

*Dr. Irving Wolin, Chicago, Illinois. 

Dr. Charles Francis Wood, Louisville, Kentucky. 

Dr. 11. Herman Young, Rochester, Minnesota. 

* Now in Military Service. 
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NEWS NOTES 


The Executive Board of the American Public Health Association announces that the Third Wartime 
Conference and 74th Annual Meeting, and meetings of related organizations, will be held in Chicago, Illinois, 
the week of September 17, 1945, with headquarters in the Hotel Stevens. 


The American College of Surgeons, in e.xpanding its program of Graduate Training in Surgery to 
assure adequate opportunities for advanced training in surgery, particularly for recent medical graduates 
when they return from Service with the Armed Forces, has enlarged its headquarters staff in Chicago and 
announces the following appointments effective immediately; 

Major General Charles R. Reynolds (M.C., retired), former Surgeon General of the United States Army, 
has been appointed Consultant in Graduate Training in Surgery. 

Dr. George H. Miller, formerly Dean of the Faculty of Medicine and Chairman and Professor of the 
Department, American University of Beirut, Lebanon, Syria, has been appointed Director of Educational 
Activities. 

The Department of Graduate Training in Surgery is under the general direction of Dr. Malcolm T. 
MacEachern, Chairman of the Administrative Board, working with that Board, and responsible to the 
Committee on Graduate Training in Surgery, of which Dr. Dallas B. Phemister of Chicago is Chairman, and 
to the Board of Regents. 

Surveys of hospitals for Graduate Training in Surgery have been conducted since 1937 by the College. 
When the war ends in Europe, in order to satisfy the demands of men whose training in surgery was inter- 
rupted by war service, together with those of current medical graduates, sufficient opportunities should be 
ready to offer approved training to men who wish to become surgeons. Dr. MacEachern declares, adding that , 
a competent surgeon according to present-day ideas requires a preparation of three or more years of system- 
atic, supervised graduate training in general surgery or a surgical specialty, following a general internship and 
graduation from an acceptable medical school. 


The biographical data of the first two editions of the Directory of Medical Specialists included only 
positions (internships, residencies, or assistantships) held during the course of training of men up to the time 
of their certification by the American Boards, and hospital and medical school staff positions then currently 
held. 

In the Third Edition, it is desired to e.xtend this data to include all formal hospital and medical school 
appointments, with dates held, even though now resigned, as well as records of all military service, including 
commissions and dates, either in World War I, in the Reserve forces in peace time or in the present War. 

Thus, a chronologically complete sketch of a Diplomate’s entire career is to be included in this Third 
Edition of the Directory. 

Membership or fellowship in national or sectional (not local) special societies, and national general 
societies, with offices held, and dates, in any of these, should be reported. 

Membership in recognized international medical societies may be included, but honorary or other mem- 
bership in foreign medical societies should not be reported. 

Reference to the Second Edition (1942) of the Directory may be made for lists of medical societies to be 
included in one’s biographical sketch. 

Families or secretaries of men absent in military service are asked to complete or correct previous listings 
on new foi'ms now being mailed to those eligible for inclusion in the Directory. Only those certified by an 
official American Board can be included. 

The foregoing notice is published in response to many inquiries, to assist those certified by the American 
Board who are now engaged in correcting their previous listings, or preparing new sketches for the Third 
Edition of the Directory to be published early in 1945. 

Communications should be addressed to the Directory of Medical Specialists, 919 North Michigan 
Avenue, Chicago 11, Illinois. 


BARUCH COMMITTEE ON PHYSICAL MEDICINE 

The Administrative Board of the Baruch Committee on Physical Medicine has announced the granting 
of an additional total sum of .5185,000.00, which is being given by Mr. Bernard M. Baruch for the further 
advancement of the program in physical medicine and the physical rehabilitation of those disabled in the 
War. This sum has been divided into seven grants as follows: 550,000.00 to the Massachusetts Institute of 
Technology, Cambridge, Massachusetts; 540,000.00 to the Medical School of the University of Minnesota, 
Minneapolis, Minnesota; 530,000.00 to the Medical School of Harvard University, Boston, Massachusetts; 
530,000.00 to the Medical School of the University of Southern California, Los Angeles; 515,000.00 to the 
Medical School of the University of Iowa, Iowa City; $15,000.00 to the Medical School of the University of 
Illinois, Chicago; and 55,000.00 to Marquette University Medical School, Milwaukee, Wisconsin. 

The grants to the Massachusetts Institute of Technology and to the University of Minnesota are in addi- 
tion to the gift of 51,100,000.00 made by Mr. Baruch in April of 1944, at which time grants were made to 
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Columbia Uiiivereity College of Phi-sicians and Surgeons, New York University College of Medicine, the 
Medical College of Virginia, and for minor research and fellowship programs for the advancement of physical 
medicine. 

The present gift to tlie Massachusetts Institute of Technology is in support of a five-year program of 
training and research in electronics, instrumentation, and physics in relation to medicine, to be carried on 
under the auspices of the Department of Biology and Biological Engineering. It was the conviction of the 
Scientific Advisor}' Committee of the Baruch Committee on Physical Medicine that Baruch Fellows and other 
physicians should have more than a superficial knowledge of the physics and technology underlying the physi- 
cal methods and instrumentation used in this field, and it was suggested that training in this aspect might 
effectively be centered at the Massachusetts Institute of Technology. The program will be under the general 
supervision of Dr. Francis O. Schmitt, Head of the Department of Biology and Biological Engineering, and 
under the immediate supervision of Dr. K. S. Lion, Assistant Professor of Applied Biophysics, who is an 
expert in physical instrumentation. Mr. Baruch has been particularly interested in the important field of 
electronics as applied to medicine. 

The grant of $40,000.00 to the University of Minnesota is to support the development of a three-year 
teaching and fellowship program in physical medicine. The primary objective of the program is the further- 
ance of fundamental training of research workers and teachers in the field of physical medicine. 

The other grants have been allocated from the fund of $200,000.00 given by Mr. Baruch in April. The 
sum of $30,000.00 was granted to Harvard University Aledical School for the establishment of a three-year 
program to provide fellowships or residencies to be used for the benefit of qualified physicians who are selected 
to be trained in this field. This sum will be administered by a standing Committee on Physical Medicine 
recently appointed by Dean C. Sidney Burwell of the Harvard Medical School, composed of Dr. J. B. Ayer, 
Dr. D. Denny-Bromi, Dr. W. T. Green, Dr. J. H. Means, Dr. A. L. Watkins, and Dr. E. M. Landis (Chair- 
man). Appointments to the fellowships, which generally carry stipends of $2,500.00, mil be made annually, 
but may be renewed to provide up to three yeare of specialized study and research. Emphasis mil be placed 
upon training a few men in basic research and clinical investigation. 

Unusual opportunities for clinical experience and research in the psychological and psychiatric aspects of 
physical medicine will be available at Harvard. The first year will be wholly or in part devoted to basic 
research, related to physical medicine in one of the preclinical sciences, such as physiology, anatomy, or 
biophysics. The second year will be spent in clinical training in physical medicine at the Massachusetts 
General Hospital and other hospitals affiliated with the Harvard Medical School. In the third year, fellows 
will be assistants in physical medicine with clinical responsibilities. For candidates with e.xtensive previous 
training, one-year clinical fellowships will also be granted. Applicants must have an M.D. degree from an 
approved medical school, and a minimum of one year of internship in an approved hospital. Applications 
may be obtained from the Dean, Harvard Medical School, 25 Shattuck Street, Boston 15, Massachusetts. 

The sum of $30,000.00 is granted to the University of Southern California to inaugurate a program of 
teaching and research in physical medicine in its Medical School. The sum of $15,000.00 is granted to the 
University of Illinois to inaugurate a teaching program in physical medicine at its Medical School. The sum 
of $15,000.00 is granted to the Medical School of the University of Iowa to assist in a joint research and teach- 
ing program concerning the effectiveness of different methods of applying heat to the deep tissues of the 
human body. Finally, the sum of $5,000.00 is granted to the Medical School of Marquette University, 
Milwaukee, IVisconsin, for continuance of research in the physiology and pathology of nerves and muscles, 
as related to physical medicine. 

The Baruch Committee w'ill now turn its main attention toward the adequate development of the 
centers already established, toward providing advice in the organization of proper teaching of physical 
medicine in medical schools and, through its Committee on War and Postwar Physical Rehabilitation and 
Reconditioning, will attempt to promote proper development of physical medicine in the rehabilitation and 
reconditioning of both military and civilian casualties of war. The Board feels that Mr. Baruch’s gifts have 
served as a means of providing prompt coordination of the entire program for rehabilitation of our wounded 
and for the provision of the trained personnel so greatly needed in activating this program. 
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MICHAEL HOKE 


1874-1944 


“The field of action is not the field of intellect: it is the field of character. It is not the intensity but the 
duration of ideals that makes a great man.” 

This wise observation of Elihu Root is peculiarly applicable to the life of Dr. Michael Hoke, interna- 
tionally known orthopaedic surgeon, great teacher, kindly counsellor, and friend. 

Dr. Hoke was born in Lincolnton, North Carolina, on June 28, 1874. He was the son of the well-known 
General Robert F. Hoke and Lydia Van Wyck. General Hoke was, we believe, the youngest Major General 
in the Confederate Army. 

Dr. Hoke’s early years were spent in Raleigh, North Carolina. Entering the Hnivcrsity of North Caro- 
lina, he received the degree of Bachelor of Science in Electrical Engineering in 1893 and was captain of the 
famous football team of that year. In 1895 he received the degree of Doctor of Medicine from the Uiu- 
versity of Virginia. Postgraduate study and research then followed at the Medical Schools of Johns Hop- 
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kins and Harvard. In 1897, he began private practice in Atlanta, Georgia, specializing later in orthopaedic 
surger}'. 

On April 20, 1904, ho was married to Miss Laurie H. Harrison of Atlanta. The union was a completely 
happy one, Mrs. Hoke entering fully into both his professional life and his many outside interests. Mrs. 
Hoke and their two children. Mi's. Charles McGhee of Beaufort, South Carohna, and Mrs. Edward Jastrum 
of St. Louis, Missouri, and two grandchildren survive him, as does his brother, Mr. Van Wyck Hoke of 
Yanceville, North Carolina. 

Dr. Hoke was a member of The American Orthopaedic Association and its President from 1925 to 1926, 
presiding at the Annual Meeting of the Association held in Atlanta in 1926. He was a Fellow of The Ameri- 
can Academy of Orthopaedic Surgeons. He was one of the five Orthopaedic Consultants for the Shriners’ 
nation-wide chain of Hospitals for Crippled Children, which movement he had sponsored; he was also an 
important member of the Advisorj’ Board of the Alfred I. Du Pont Institute for Crippled Children at Wil- 
mington, Delaware. 

The University of North Carolina conferred on him the honorary degree of Doctor of Laws in 1931. In 
tliis same year, at the insistence of President Roosevelt, he accepted the appointment of Medical Director of 
the Institution for the Treatment of Infantile Paralysis at Warm Springs, Georgia, resigning this position in 
1935 to resume his private practice in Atlanta. 

Dr. Hoke’s contributions to orthopaedic surgery have been many and have been internationally recog- 
mzed. The original and valuable operative methods he devised for the treatment of certain disabilities of 
the feet are still known as “Hoke’s operation for claw foot” and “Hoke’s arthrodesis”. 

Hoke was a great teacher as well as a great surgeon. He inspired countless young men to acquire surgi- 
cal skill and to emulate the highest standards of professional conduct which he exemplified. He ploughed 
the field of medicine deeply, leaving the soil more productive for the labor of those younger physicians who 
had received their inspiration from him. “History shows you men whose master touch not so much modi- 
fies as makes anew” — Browning, had he known him, might well have placed Hoke in tliis category. 

Dr. Hoke’s chief relaxations were golf and hunting with the dogs, and he held membership in the Pied- 
mont Driving Club and in the Druid Hills Golf Club. He was a thorough sportsman in the best sense of the 
word, loving “the wide-open spaces” and “the great out-of-doors”. 

Although Michael Hoke always felt intensely, and was unswerving in his loyalty to the South, he main- 
tained an unusual breadth of view and was remarkably free from prejudice. On one occasion, he took a 
northern friend to see the great southern War Memorial on Stone Mountain which was then only partly 
finished, but the architect’s drawings of the completed project were on view and were very impressive. Be- 
hind the key figure of General Robert E. Lee, the sculptor had plaimed to carve a group of other Confederate 
generals, one of whom would undoubtedly have been Doctor Hoke’s famous father. Major General Robert 
P. Hoke. Dr. Hoke greatly admired the conception and was deeply moved at the thought of what the superb 
memorial would mean to the South. 

As he and his northern friend were moving away, Hoke said to him, “ I wish Borglum (the sculptor) 
would do one more thing. I wish he would place the figure of Abraham Lincoln on the summit of the moun- 
tain looking down on the whole group.” To Hoke “ the war was over”, and he had recognized the spirit of 
the Great Emancipator and wished the South as well as the North to pay him tribute. 

This slender ascetic looking man with dark and piercing eyes, a friendly smile, and a delightfully keen 
sense of humor must have been a sturd 3 ' youth in his student daj's. In later fife, pulmonary disease and his 
strenuous work slowly sapped his strength but never his bonhomie nor his endearing kindness. 

In 1937, he retired from private practice and moved with his family to the lovely old town of Beaufort, 
South Carolina. They called their home “Windy Marsh” and for a while Dr. Hoke’s health was better, and 
his passing has come as a shock to his numberless friends. 

American Medicine has lost a great orthopaedic surgeon and a great teacher. His standards of both 
practice and conduct iWll always inspire physicians, young and old, who have been fortunate enough to catch 
his spirit. 

Justice Oliver Wendell Holmes has given us his ideal of living. “Life is painting a picture, not doing a 
sum; to hammer out as compact and solid a piece of work as j'ou can; to try to make it first rate and to leave 
it unadvertised.” 

Michael Hoke completelj' exemplified this ide.al. 


VOL. XXVIt. NO. 1. J.^NU.MIY 1915 


Current Literature 

Lectures on Reconstruction Surgery. Selected from the Instructional Courses of the Twelfth Annual 
Assembly of The American Academy of Orthopaedic Surgeons. Edited by James E. M. Thomson, 
M.D. Ann Arbor, Michigan, Edwards Brothers, Inc., 1944. $8.00. 

To present a critical analysis of this admirable compilation of the work of a representative group of 
specialists in the field of reconstructive surgery cannot be done in the space that may be allotted for a review. 

All this reviewer can do is to liken it to a symphony, where each instrument having a part is played by 
an expert in his line. Some instruments have a more important role perhaps than others, but no one is any 
less well played than another, and the summation of effort is a harmonious rendition. 

To select some particular papers for special commendation would be invidious; they are all e.xceedingly 
well illustrated, clearly presented and are invaluable at this time for anyone who wishes to have the most 
recent information on the subjects discussed. 


Surgery of the Hand. Sterling Bunnell, M.D. Philadelphia, J. B. Lippincott Company, 1944. $12.00. 

It is seldom that a book on surgery deserves to be called great. This adjective, often used so carelessly, 
can be applied with all its implications to “Surgery of the Hand” by Sterling Bunnell. Peculiarly enough, 
another great surgical treatise, Kanavel’s monograph, also dealt with the hand, but limited itself to infections. 

Bunnell’s book is all-inclusive ; nothing connected with the hand has been omitted. The author, in an 
age of intense specialization, has risen above the confines of a single surgical specialty, and has combined the 
art of the plastic, orthopaedic, and neurological surgeons. This had to be, for, as he states in his preface, 
“Trauma involves all types of tissue, irrespective of the artificial divisions of our specialties. ... As the 
problem is composite, the surgeon must also be.” 

As one reads the succeeding pages, one realizes both from the text and the illustrations that here is a 
surgeon who has learned to “face the situation and equip himself to handle any and all of the tissues in 
a limb”. More than that, his book illustrates his intense desire to teach, to make his own rich e.xperience 
available to all who want to learn. He has spared nothing to make himself clear, no detail in technique has 
been too minute to defy careful description, provided it brought out an important principle. His style is 
that of precise exposition which at times, by its very simplicity, acquires beauty. Take for instance the 
opening paragraph of the chapter dealing with “The Normal Hand”: 

“Next to the brain, the hand is the greatest asset to man, and to it is due the development of man’s 
handiwork. It is also an organ of expression and a special sense organ for stereognosis. Our brains are 
crowded nuth memories and conceptions of objects and actions which have been built up and developed by 
sensation and use of our hands. Through hands we have acquired by feeling much of .our knowledge of 
shapes and textui-es of the objects of this world. Our very thoughts are linked with the sensations and 
actions of our hands, not only in our fundamental activities concerning shelter, food, combat, and perpetua- 
tion, but in constructing, such as building, drawing, sculpturing, and even thinking.” 

The book is divided into four parts. The first deals with phylogeny and comparative anatomy, and the 
description of the normal hand; the second with reconstruction of the hand; the third with injuries and infec- 
tions; and the fourth with miscellaneous conditions, — such as congenital deformities, vasomotor changes, and 
tumors. Of these, the most important is the second, “Reconstruction of the Hand”. The author deals in 
succession with skin and flexion contractures, bone deformities, stiff joints, injuries to nerves, tendons, and 
the intrinsic muscles, and, in a final section, to the arm in its relation to the hand. 

Though many of the ideas have already appeared in Bunnell’s previous publications, it is only when the 
subject is presented as a whole that one realizes the originality and the unity of Bunnell’s contribution to 
surgery. As an example, he was the first to suture the digital nerves, but this delicate surgical feat was done 
not as an end in itself, but to aid in the reconstruction of a finger the tendons of which had also been severed. 
Surgery of the skin, of the bones, of tendons and nerves are all correlated to yield the maximum restoration 
of function. 

It is hard to speak with restraint about this unique volume. It represents to your reviewer the ideal 
scientific publication; it is brilliantly original, concise yet thorough, so sincere that the honesty and high 
intent of the author speak in every line. It marks an important milestone in surgical advance. It will 
assuredly come to be regarded as a classic for those who, like Bunnell, aim to restore power to the hands 
of the maimed. 


Artritis Toberculos.v de la Cadera. Dr. V. Sanchfs Olmos. Madrid, Edicones Cirugia del Aparaio 
Locomotor, 1944. 

In tins monograph on tuberculosis of the hip joint, the best to appear to date in any language, the author 
has blended skillfully our knowledge of tuberculous infection in general and his wide exjxjrience in the treat- 
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ment of tills special type of infection at the Hospital Central de la Cruz Roja. The book is well illustrated, 
and there is a large bibliography. Much’ of the recent European thought, wliich has been excluded from 
American readers, is critically summarized. The author is writing for a Spanish audience, for the purpose of 
disseminating knowledge of the treatment of tuberculosis of the bones and joints. There has been a great 
increase in morbidity from tuberculosis in Spain following the recent War. 

The symptoms observed in tuberculosis of the hip are dependent upon the oscillations of allergy^, and, in 
tills respect, are similar to those seen in pulmonary infection. Osseous or articular involvement occurs during 
the secondary period of allergy, bj' the hematogenous route from some primary visceral implantation, and 
results either in meduUitis or synovitis. He feels that the doctrines of Ranke and Redeker, while helpful, 
do not explain fully the pathological phenomena. He agreM with Auer that infection is enhanced in tissues 
whose reactivity has been altered, for example, by trauma. Repeated microtrauma may favor the localiza- 
tion. There may be primary involvement of the synovial membrane, infection of the synovial membrane 
secondary to an abscess, or primary' involvement of bone. Usually the disease is so far advanced when seen 
that the primary focus cannot be determined. The pathological reaction in the bone or joint may be caseous, 
exudative, or granulomatous during the secondary stage of the tuberculosis. Urbach attempts to explain 
the vigorousness of the reaction and the necrosis of tissue which occurs upon the basis of the relative propor- 
tion of antigen and antibody present in the tissues. Caseation is rare in synovitis, but is common in osseous 
lesions. Vascularization of the tissues about the hip joint explains the predilection for certain areas. Infec- 
tion is rarest in the ischium and pubis. Primary synovitis is rare indeed. Osteo-arthritis originating in an 
osseous focus often leads to extensive necrosis and abscess. Osteo-arthritis originating in a synovial focus 
is often limited to cartilaginous destruction and early fusion of the joint. 

There is a wide immunobiological lability with great variation in symptoms and reparative response. If 
the state of hypersensitivity is much prolonged, abscess, fistula, and death may occur. The tertiary phase of 
tuberculous infection often leads to unsound healing. The only type which leads to sound, anatomical cure 
is the rapidly exudative type which produces conditions favorable for osseous fusion. The appearance of 
abscess is in direct proportion to the violence of the exudative phenomena. 

Deformities are divided into two types which may appear in both the secondary and tertiary phases of 
the infection: (1) contractures or ankylosis in a bad position and (2) loss of all normal anatomical relation- 
ships uith pathological dislocation. Trophic disturbances and interference with growth are not uncommon. 
Perifocal hyperaemia provokes local acidosis, which frees calcium salts. This is a constant phenomenon in 
tuberculous infection, and is most marked in the e.xudative type. The osteoporosis which results lessens the 
mechanical resistance of the bone. Bone atrophy is also partly the result of immobilization. Decalcifica- 
tion diminishes with regression of e.xudative phenomena. Epiphysiolysis is rare. Ossification may be in- 
creased under the periosteum. Variations in growth may be seen in different parts of the epiphysis. 

Early diagnosis by roentgenographic examination is difficult. The first sign is focal osteoporosis. Serial 
roentgenograms \vill show the progression of the lesion. (Lesions in the cartilage appear late.) The common 
physical signs of tuberculous infection are usually foimd. A negative reaction to tuberculin almost com- 
pletely eliminates the diagnosis of tuberculous infection. The sedimentation rate of the erythrocytes is 
moderately elevated. Biopsy is occasionally necessary. The differential diagnosis is outlined. The prog- 
nosis is always serious. 

Treatment should be both general and local. Under the general treatment, the author mentions 
sunlight, adequate nutrition and calcium, and sulphonamides for sinuses. Locally, osseous ankylosis n-ith 
the hip in a good position is sought. Fibrous ankylosis can be regarded as an inactive tuberculous focus 
cured clinically, but not anatomically. Local extirpation removes only one latent focus and can only be 
resorted to in areas easily accessible anatomically. The position of ankylosis will be dependent upon the 
socio-economic status of the patient. The joint is rarely preserved in the healing of tuberculosis. Even 
Rollier and Kisch now speak of arthrodesis as the treatment of choice. During the secondary phase of in- 
fection, general treatment is fundamental, and orthopaedic treatment which facilitates this should be given. 

Surgical intervention should be undertaken during the tertiary period. Age is no contra-indication to 
surgery. The author does not hold to the teaching of Sorrell and the Congress of 1927, which advocated 
conservatism in childhood, arthrodesis in maturity, and amputation in the aged. The author gives the fol- 
lowing as his formula of therapy : in the tertiary phase, surgical treatment directed to ankylosis; in the hyper- 
ergic phase, conservative treatment; in the phase of local hyperergia, extra-articular intervention when the 
general state of the patient indicates. 

In minor tuberculous affections and where there is a para-articular focus, simple prolonged rest in bed 
may be all that is required. Synovitis, osteo-arthritis, and juxta-articular foci require absolute immobiliza- 
tion. If there is a fistula, a bilateral spica with a window is needed. The hip is maintained in 10 degrees of 
flexion, 15 degrees of abduction, and no rotation. The author prefers continuous traction to a plaster cast, 
because in traction the skin is exposed more fully to the sim and air. 

Fusion is carried out by a procedure similar to the Hibbs-Chandler teclmique. Contractures are corrected 
by traction, — skeletal traction if necessary. Vicious ankylosis is corrected bj- subtroclianteric ooteotoniy. 
Flexion depends upon the vocation of the individual. Abduction should be 5 degrees in men and 15 degrees 
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in women. Recent dislocation is reduced by traction. After reduction of a dislocation, an athrodesis is 
performed. Shortness of the extremity can be improved up to six centimeters by leg lengthening. If the 
difference is greater than this, the sound leg can be shortened. In involvement of both hips, an arthroplasty 
can be attempted on one side, after the arthrodesis lias healed. Motion should be preserved in one hip if 
possible, during the healing of the tuberculosis. 

The author feels that patients with such infection should not be treated on the general service of hos- 
pitals, but should be segregated in special hospitals or sanitoria where specialized care can be given. 


Treatment by Manipulation in General and Consulting Practice. A. G. Timbrell Fisher, M.C., 

M.B., Ch.B., F.R.C.S. (Eng.). Ed. 4. New York, Harper cfe Brothers, 1944. .$4.75. 

The new edition of this work on manipulative surgery is written because of the author’s belief in the 
importance of manipulative treatment of orthopaedic conditions resulting from war injuries. After a short 
historical introduction, the lesions benefited by this type of therapy are discussed according to the patho- 
logical findings. 

There are four main classifications used; (1) articular or periarticular adhesions, (2) functional or hy- 
sterical conditions of joints, (3) subluxations and dislocations of joints, tendons, or intra-articular discs, 
(4) adhesions in connection with muscles, tendons, or fascia. In the prevention of adhesions, early motion is 
stressed and the dangers of prolonged rest and splintage are emphasized. Instruction in the degree and type 
of motion permitted in a variety of pathological conditions is carefully presented. As the primary indication 
for manipulation is the presence of adhesions, a chapter is devoted to their diagnosis. 

The actual procedure of manipulation, preferably under an anaesthetic such as pentothal, is described for 
all the major joints, with suitable illustrations and brief case histories of the clinical findings. Contra-indica- 
tions to manipulation, such as tuberculosis and neoplastic disease, are pointed out. Although one feels that 
the author expects almost universally good results, the use of other measures — such as splintage, traction, and 
surgery — are recommended in some instances. The importance of adequate physical therapy in the after- 
care of manipulative cases is repeatedly stressed. A chapter is devoted to description of the technique in 
use of heat, massage, and exercises. The author further states that no medical man should perform a ma- 
nipulation unless he has made a study of massage, muscle re-education, and the methods of physical treat- 
ment that are of use in after-care. 

Although among American physicians “manipulation” frequently has had bad connotations, the subject 
is presented in this book in a fairly cautious and studied manner. One might wash to have more precise in- 
formation on the problem of choice of case to manipulate rather than broad statements, such as “The most 
frequent indications for (spinal) manipulations are those cases in which adhesions or scar tissue in muscles, 
ligaments, or fasciae have followed either to.xic or infectious conditions, or ligamentous or muscular injuries”. 
There is, however, much valuable information worthy of study by orthopaedic surgeons and those specializing 
in physical medicine. 


Structure and Function as Seen in the Foot. Frederic Wood Jones, D. Sc., F.R.S., F.R.C.S. Balti- 
more, The Williams & Wilkins Company, 1944. .?7.50. 

Professor Wood Jones’s eminent position as an anatomist and physical anthropologist and the importance 
of the foot to man’s locomotor mechanism should amply recommend this book to all orthopaedic surgeons. 
The text is interestingly written and thought-provoking. Even though the author may not win ready accept- 
ance of all his statements, he will not fall to stimulate a healthy, thoughtful reaction among his readers. 

The opening chapter affirms the unique and highly specialized character of the human foot. The distinc- 
tive design of the foot separates mankind from all other forms of vertebrate life, and as an organ, its structures 
have been molded specifically for one purpose, — “support and propulsion of the body in bipedal orthograde 
progression”. He emphasizes, also, the basic difference between hand function and foot function, and warns 
that the structural homologies in these two organs should not be allowed to obscure a clear recognition of 
the difference in our approach to the clinical considerations of foot disabilities. The human hand is primitive 
in its design, and is little changed from the hands of all lower primates; its superior qualities are represented 
only in a higher degree and range of skilled actions. In contrast, the human foot has been so extensively 
remodeled for direct interaction with the force of gravity (beneath the weight of our bodies), that its former 
handlike, grasping characteristics have become almost completely replaced by the specialized structural 
changes required for stable support and propulsive leverage. 

The author’s discussion of muscle action should also be of more than ordinary interest to orthopaedic 
readeis. Not onlj" does the author recognize the “controlling” action of the extrinsic muscles of the foot, 
in contrast to the “supporting” action usually ascribed to them, but he also explains the reversed direction 
of their action, as compared with the muscles of the hand. In the forearm, the muscle origins, located pro.x- 
imallj' serve as the fixed point from which movements of the digits and hand are effected; in the lower e.x- 
tremity, the tendinous insertions upon the distal bony segments serve as the fixed points from which muscle 
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action is enabled to control posture and the movements of body weight. Both of these observations have 
practical therapeutic bearing on corrective and surgical work on the foot. 

The book is a comprehensive treatise of all the tissues entering into the make-up of the foot, — skin, 
fascia, muscles, ligaments, bones, joints, and vascular and nerve structures. As might be expected, the dis- 
cussion of these tissues is accompanied by interesting comments relating to their development, both phylo- 
genetic and ontogenetic. The author luis avoided any attempt to supply a definite evolutionary background. 
His chapter on phylogeny consists chiefl}’ of a critical statement on the views held by different writers regard- 
ing the point of human origin. The concept usually associated with his name places that point far back in a 
“tareioid” branch of early primate life. His claims to the general acceptance of that behef are somewhat 
surprising, and seem as controversial !is the “tarsioid” theory, itself, which he so strongly advocates. Natu- 
rally, his interpretations of development are influenced by that concept. 

The text reflects Professor Wood Jones’s wide familiarity with the literature contributed by older and 
more recent writers on the various phases of the subject. He brings in references that enhance interest and 
\rill inevitably broaden the reader’s viewpoint. However, the book is distinctly the product of a jnorpholo- 
giil. This is strikingly indicated by the author’s discussion of the “metatarsal formula ’’. Here he discounts, 
almost derides, the possibility of there being any functional or clinical significance in a short first metatarsal 
bone; he prefers to regard that condition as “the accepted normal of all anatomists’’. Such apparent unwill- 
ingness to permit a morphological conclusion to be disturbed by the physiological studies and clinical observa- 
tions of other writers hardly contributes to the strength of Professor Wood Jones’s arguments, but does not 
detract from the colorfulness of the presentation. In fact, it is in the physiological phase that the book in- 
vites a feeling of disappointment, because, after having identified the foot as an organ designed specifically 
for its interaction with the force of gravity (as imposed by body weight), the author fails to follow up his 
statement with further consideration of that essential aspect of foot function. It is like reading a treatise 
on the eye in which every structure related to the eyeball is fully discussed, but no mention is made of refrac- 
tion, the phenomenon whereby the vital purpose of the eye as the organ of vision becomes fulfilled. In the 
same way that an orderly transmission of light rays through the eyeball is a basic factor in eye function, the 
behavior of weight stresses (gravity) within the foot structure comprises the fundamental phase of foot func- 
tion. However, the intimate morphology of the eye was a prerequisite to the understanding of the refrac- 
tive elements of sight. The work of Professor Wood Jones is to be regarded as an important contribution to 
our morphological knowledge, which will prepare the way toward clearer understanding of the less obvious, 
but more basic phase of the foot’s function. 


Orthopaedic Surgery. By Walter Mercer, M.B., Ch.B,, F.R.C.S. (Edin.), F.R.S. (Edin.). With a Fore- 
word by Sir John Fraser, Bart., K.C.V.O. Ed. 3. London, Edward Arnold & Co., 1943. 45 shillings. 

Baltimore, The Williams & Wilkins Co., 1943. S12.00. 

The third edition of Mercer’s textbook on orthopaedic surgery has been revised chapter by chapter to 
include new' material on each subject. The sections on Circulatory Disturbances, Affections of the Back, 
Knee, Shoulder, and Foot, and Infections of the Hand, have been largely rewritten. 

The text is well illustrated with photographs, line drawings, and roentgenograms which add much to the 
clear presentation of the anomalies and the diseases of bones and joints. 

The author has indicated his choice of treatment and operative procedure in some conditions. 

The text is thoroughly indexed, and the complete bibliography, including many American and British 
authors, should prove an invaluable reference to the student or doctor. 


Rehabilitation, Re-Education and Re.mbdial Exercises. Olive F. Guthrie Smith, M.B.E., 

C.S.M.M.G., T.M.G. With a Foreword bj’ Lord Horder, G.C.V.O., M.D., F.R.C.P. Baltimore, The 

Williams & Wilkins Company, 1943. S6.00. 

The physical treatment, described in this book by contributors distinguished in various fields of therapy, 
's confined largely to suspension exercises and pulley therapy. A revision of theoretical joint axes from an 
anatomical and physiological viewpoint, including plates which demonstrate planes and axes, precedes the 
classification of the various joints of the bod}'. 

The principles of re-education in flaccid and spastic paralyses are explained by means of a pendulum- 
suspension rhythm and muscle-timing apparatus. 

Voluntary exercises are stressed, as are self-activated e.xercises, which employ simple appliances in the 
hands of a skilled therapist. Long helical or spirally curved sprmgs are recommended for the treatment of 
enfeebled or injured muscles. They may be adjusted to the needs of the patient, so as to apply either assist- 
ance or resistance to the exercises. 

Descriptions of the use of graduated faradic contractions for the stimulation of one grouj) of motor iierve.s 
are included; group exorcises, as used at the Berry Hill Hall Reliabilitatioii Center, are recorded; and different 
methods of muscle-testing are suggested. 

'OL. xxvn. NO. 1, JANUARY 1915 



178 


CURRENT LITERATURE 


Various pathological conditions and their treatment by relaxation and corrective exercises are considered, 
an'd illustrations show pulley and rope exercises for the lower and upper extremities. 

As the title infers, the work is concerned chiefly with remedial and re-educational exercises. Apparatus 
and appliances play an important role in the book. 

Other branches of physiotherapy are mentioned, — such as, heat, short wave and ultra-short wave, gal- 
vanic and sinusoidal currents, histamine ionization, and massage; however, these are considered as side issues 
rather than as part of a well-defined text. 

The book is well and fully illustrated. 


Operations of General Surgery. Thomas G. Orr, M.D. Philadelphia, W. B. Saunders Company, 1944. 

$ 10 . 00 . 

The e.xpressed purpose of this excellent volume is the familiarizing of students with standard operations 
in all fields of surgery. Of special interest to the orthopaedic surgeon are: Chapter 4, “Amputations”, Chap- 
ter 6, “Muscle, Fascia, and Bursa”, and Chapter 7, “Tendons and Tendon Sheaths”. Chapter 14, “Bones 
and Joints”, has forty-six pages of concentrated orthopaedics, starting with the treatment of acute and 
chronic osteomyelitis, strongly advocating the method of Winnett Orr. In the treatment of fractures, 
standard operative procedures are described in regard to certain specific conditions, including fractures of 
the olecranon, head of the radius, condylar and supracondylar fractures of the humerus, patella, femoral 
condyles, and so on. The chapter concludes with descriptions of special operations, — such as those for the 
dislocation of the patella, dislocation of the shoulder, dislocation of the hip, acromioclavicular separation, 
injury to the semilunar cartilage of the knee, and hallux valgus. For each of these conditions, one or two 
standard procedures are described. 

The chapters reviewed comprise only a small portion of the book, the rest of which includes descriptions 
of operations on the breast, thorax, circulatory system, digestive system, and many others. It is freely illus- 
trated with distinctive drawings and diagrams showing step-by-step procedures in each of the standard oper- 
ations. The book serves its purpose well in indicating to the student of general surgery not only the standard 
procedures in general surgery, but also in surgical specialties with which he should be familiar. 


Fractures and Fracture Treatment in Practice. Kurt Colsen, M.D. Ed. 2. Johannesburg, Wit- 
watersrand University Press, 1944. 12 shillings, 6 pence. 

This book of 150 pages is introduced to the students of the University of the Witwatersrand at Johannes- 
3urg by the Professor of Surgery, I. W. Brebner. It presents in Part I certain general considerations, 
ntended to orientdhe student, who will find in Part II special fractures described and some form of treatment 
idvised and pictured by line drawings. The author has made a brief review of the various fractures, depend- 
ing very evidently upon the writings of Bohler and Watson-Jones. 

The subject presented is one of the most important in surgery. Undoubtedly under the skilled presenta- 
tion and instruction of the author, his students will rece’ve adequate impressions of the close relationship 
between the problems attending fractures and those of many other specialties in surgery. 


Microbes that Cripple. T. Arthur Turner. (Written and Illustrated under the Direction of Edward L. 

Compere, M.D.) Elyria, Ohio, The National Society for Crippled Children, Inc., 1944. $2.50. 

This book is written for the layman. It presupposes no knowledge of science. From the construction 
of the microscope by Jansen in 1590 to the electron microscope of the present, with the field it opens, the 
story of the lens is traced. So too are the organisms revealed by the microscope. A httle of the history of 
the recognition of their e.xistence and of the men who first isolated and named them is given. 

The classification of bacteria and other infectious agents is presented in an interesting, simple style. 
The principles of immunization are discussed, and the laboratory methods used are explained. The diseases 
produced by “crippling micro-organisms” are then described, — pyogenic osteomyelitis, tuberculosis, 
syphilis, and poliomyelitis. Rheumatic fever, arthritis, and gonorrhoea are recognized as “cripplers”; and 
the complications of various diseases of childhood are explained. 

The last portion of the book is devoted to an e.xposition of the progress made in combatting these dis- 
eases, — the public health program with its educational aspect for the prevention of crippling, the history of 
chemotherapy, and the fight against poliomyelitis. 

Such a book, uTitten in cooperation ndth men whose lives are devoted to the correction and prevention of 
congenital and acquired deformities, has its place in medical literature. Written in language which the 
layman can understand, and presented in popular format with clever illustrations, it should have a wide 
reading. For the mother who has read this book, “microbes that cripple” will have fewer terrors. 
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THE DEVELOPAIENT OF SARCOMA IN BONE SUBJECTED TO 
ROENTGEN OR RADIUM IRRADIATION * 

BY C. HOWARD HATCHER, M.D., CHICAGO, ILLINOIS 
From the DepartmeiU of Surgery, University of Chicago 

Roentgen or radium irradiation sufficient to cause epithelial changes has been followed 
not infrequently by the development of carcinoma. Although less common than carci- 
noma, sarcoma in a superficial ulceration of an irradiated field is a well-known complica- 
tion. Occasionally sarcoma has developed in subjacent soft parts after exposure to 
x-rays or radium. Since bone is the most common primary site of sarcoma, it is reasonable 
to expect that, when subjected to irradiation, it too may undergo late malignant change. 
The purpose of this paper is to present three patients in whom irradiation appears to have 
been responsible for the development of bone sarcoma. In each of these cases the tumor 
arose in normal bone which had been in the field of irradiation directed toward an inde- 
pendent lesion. 


EXPERIMENTAL SARCOMA OF BONE PRODUCED BY X-RAY OR RADIUM 


Alost experimental work on the production of tumors by irradiation has been con- 
cerned with carcinoma and with superficial sarcomata. Tumors have been produced 
inadvertently in bones close to areas of irradiated tissue. Marie, Clunet, and Raulot- 
Lapointe, in 1910, observed such a tumor while they were working on the relationship of 
x-ray burns and carcinoma. Theirs was the first report of experimental sarcoma of bone 
produced by irradiation. Lacassagne and Vinzent, in 1929, treated with 1000 roentgen 
units a bacterial abscess adjacent to the femur of a rabbit, and noted an osteogenic sar- 
coma six and a half months later. Lacassagne also produced a fibrosarcoma of the tibia 
thirty-six months after 1980 roentgen units had been delivered over an abscess near the 
bone. He deduced that chronic infection facilitates the production of sarcoma by 
irradiation. 

In 1931, Schiirch and Uehlinger implanted a 1-microgram radium needle subperi- 
osteally in the jaw of a rabbit and left it in place for twenty da 3 's. One and a half j-cars 
later a spindle-cell sarcoma, with areas of cartilaginous and osteoid tissue, was found. 
Sabin, Doan, and Forkner, in 1932, studied the effect of intravenous injections of 5.1 
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micrograms of radium chloride and also of 7.7 micrograms of mesothorium upon the bon 
marroAV of rabbits. Osteogenic sarcoma was found subsequently in two of seven animal 
which survived eleven to nineteen months. 

Schiirch and Uehlinger, in 1935, placed vaseline impregnated with 2 to 5 microgram 
of radium or mesothorium in the femora of twenty-two rabbits.- Eighteen to twenty-on 
months later five animals had sarcoma at the site of the implant. Three of the tumor 
were osteoblastic and two were polymorphous or spindle-cell sarcomata. 

In 1936, Jentzer produced sarcoma in the skull of a rabbit by the application o 
radium, hhe same year Ross implanted platinum tubes containing 0.1 milligram radian 
element in the thoracic Avail of young rabbits; and an osteogenic tumor of a rib resultec 
in one animal. 

Hellner, in 1937, in conjunction with his report of one clinical .case of irradiatioi 
sarcoma, also described a polymorphous sarcoma, produced by repeated exposures of th( 
loAver end of the femur of a rabbit to radium. In the same year, Ludin directed to th( 
tibia of a rabbit 8000 roentgen units over a period of six and a half months, and latei 
found a chondrosarcoma. 

In 1937, Daels and Biltris introduced a mixture of radium, paraffin, diatomaceoiu 
earth, and arsenious acid into the skulls of guinea pigs and two bone sarcomata resulted 
Schiirch and Uehlinger’s third paper reported sarcomata in 50 per cent, of animals AAffiicI 
survived exposure to radio-active material for a long period. The same authors, in 1938, 
described osteogenic sarcoma in fourteen of tA\'^enty-one rabbits in which 0.005 milligram of 
mesothorium had been implanted tiA^enty-one to tAA'-enty-nine months before. Daels and 
Biltris, in 1938, implanted collodion strips impregnated Avith radium sulfate into the pec- 
toral muscles of foAvIs. Osteogenic tumors AA’ere found in two of the birds four to fiAm years 
aftei’AAmrd. 

Dunlap, Aub, Evans, and Farris, in 1944, reported osteogenic sarcomata Avhich ap- 
peared in the vertebrae or pelvic bones in nine of thirteen rats fed 100 micrograms oi 



Fig. 1-A 

C.Ase 1. Photomicrograph (X300) of epiph^'seal chondroblastoma of tibia. 
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Fig. 1-B 

Roentgenograms four years after last roentgen exposure show irregular sclerosis at site of original 
epiphyseal tumor of tibia; partial destruction and replacement of the proximal end of fibula by mass 
of variable density. 

ladium. The average interval from the time of radium ingestion to discovery of the 
tumors was 365 days. Three of the tumors were successfully transplanted to other rats. 

CLINICAL CASES OF OSTEOGENIC S.'XRCOILX FOLLOWING IRR.XDIXTION 

There are reports in the literature of twenty-four patients who developed bone 
sarcoma following exposure to irradiation. Seventeen of these tumors resulted from 
roentgenotherapy for tuberculous arthritis. One followed similar treatment for acute 
arthritis. In six cases, bone sarcoma followed exposure to radium. 

Beck, in 1922, reported three cases in which bone sarcoma had developed within three 
to five years after roentgenotherapy. In the same ymar Alarsch recorded two similar cases 
which had followed repeated roentgen e.xposures for tuberculosis of the knee five and seven 
years earlier. In 1924 Beck added two cases. Baumann described in 1927 a patient who 
had had tuberculosis of the elbow and who, six years after repeated x-ray treatments, 
presented a sarcoma of the distal end of the humerus. In 1929 Jaruslawsky described a 
round-cell sarcoma at the knee which had appeared eleven years after roentgenotherapy 
for tuberculous arthritis. Hanke and Xeuhaus, in 1930, added one case of chondrosar- 
coma of the humerus, noted four years after repeated x-ra}’’ treatments of a tuberculous 
elbow. Kuttner, in 1931, summarized the previously reported cases and added two. 
One of these was an osteosarcoma, found in the distal end of the femur which three years 
earlier had had repeated roentgen e.xposui’e during one year. His other case was a 
myeloid myeloma which appeared in the dorsal spine six and a half years after irradiation 
for tuberculosis of the same region. 
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Denies, in 1932, recorded a case of osteochondromyxosarcoma of the distal end c 
the femur, present six and a half years after excessive irradiation for tuberculosis of th 
knee. He also included Roedelius’s case of sarcoma of the foot, noted ten years afte 
roentgenotherapy for tarsal tuberculosis. Oehlecker’s case, included in this same report 
was of a spindle-cell sarcoma which was present six years after irradiation for an acuti 
arthritis of the knee. Gruca, in 1934, reported a sarcoma containing cartilaginous am 
bony tissue. This tumor appeared five years after roentgen treatment of a tuberculou 
knee. Becker, in 1936, described a similar tumor which followed by ten years roentgeno 
therapy for tuberculous arthritis of a knee. Through accident an excessive amount wa 
administered. In 1937, Hellner noted a polymorphocellular sarcoma which developec 
in a metacarpal bone five years after roentgenotherapy for tuberculosis of the wrist. 

The most siDectacular example of bone sarcoma resulting from irradiation is foura 
in dial painters who repeatedly ingested minute amounts of radium, mesothorium, am 
radiothorium. Martland reviewed these cases and demonstrated radio-activity in al 
bones. Radiation necrosis was found chiefly in the jaw and in bones subject to weight am 
pressure. In five of eighteen fatal cases bone sarcomata were found. Martland state 
that in at least three living former dial painters sarcomata had been diagnosed. 

Nprgaard, in 1939, observed in the proximal end of the tibia a fibrosarcoma wind 
he considered due to intra-articular injection, eight years before, of ten micrograms oi 
radium chloride for chronic arthritis of the knee. In the same patient a shoulder joini 
had been treated similarly. This joint showed evidence of radium necrosis of bone, bui 
no tumor. Both areas showed signs of radio-activity even after eight years, that of th( 
amputated portion being equivalent to three to four micrograms of radium. 



Fig. 1-C 

Roentgeuoguim of chest ten months after thigh amputation sliows metastatic tumor mass near 
the hilum of light lung. 
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REPORT OF CVSES 

C\SE 1 H R , a man, U\enty-lhiee yeaib old, enleied the Umveisity of Chicago Clinics October 30, 
“1942, complaining of pain in the light ankle, and foot-diop of thiee and a half weeks’ diiiation In 1936, 
when he was seventeen, he had had constant mei easing pain in the right knee for which he had been admitted 
to a hospital A diagnosis of giant-cell tiinioi of the piovimal epiphysis of the tibia was made, and local 



Fig 1-D 

Photograph of frontal section thiough tumor of fibula 



Fig 1-E 

Roentgenogram of frontal slice through tumor and photognph of the ~ection ^how dc-trin tio’i 
ol the shaft of the fibula and irregulir ossification in the tumor. 
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excision of the lesion was clone. Micioscopic exaininalion of the tissue (Fig. 1-A) showed Ijenign chondro 
blastema. From December 14, 1936, to May 20, 1937, he received over anteiior, posterior, and latere 



Fig. 1-F 

Photomicrograph (X260) from peiipheiy of tumor lobule shows closely packed immature 
chondroblasts. 
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portals roentgen treatments each of 2S0 roentgen units in air filtered by 5 millimeters of copper and aluminum 
at 50 centimeters. Further therapy was administered during the next year so that a total of thirty-five 
treatments or 9S00 roentgen units had been delivered to the surface. The patient remained well and without 
local symptoms until the onset of his present complaint. On examination, four years after the last roentgen 
exposure, there was evident on the anterior and lateral surfaces of the knee a band of pigmented, glazed, 
atrophic skin, six to ten centimeters wide, with telangiectasia but no ulceration. An anteromedial scar of 
13.5 centimeters was well healed. The proximal end of the fibula beneath the telangiectatic skin was the site 
of a palpable non-tender mass. The dorsiflexor and peroneal muscles were parab'zed and the lateral aspect 
of the right leg and foot was hypalgic. The general examination was normal except for the findings in the 
right leg. 

Roentgenograms (Fig. 1-B) showed irregular sclerosis at the site of the original tumor in the proximal 
tibial epiphysis, but no evidence of recent bone destruction. The shadow of the proximal 6 centimeters of 
the fibula was irregularly expanded by a mass of variable densitj', which partially obscured the bone. Lat- 
erally the mass had extended into the soft parts and mediallj’ it had encroached upon and narrowed the 
shadow of the lateral cortex of the tibia. In the distal 2 centimeters of the mass, there was marked increase 
in density in and around the fibular shaft. A diagnosis of sarcoma, primarj- in the proximal end of the fibula, 
was made. Roentgenograms of the lungs showed no evidence of metastasis. 



Fig. 2-A 

Case 2. Roentgenogram seven vears after radium and x-ray thenipy. The distal end of 
radius has been excised. There is sclerosis of distal end of ulna, but no evidence of tumor. 
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On November 19, 1942, after the diagnosis of sarcoma had been confirmed by biops3', a mid-thigh 
amputation was done. The wound healed without complication, and the patient was able to use an arti- 
ficial limb eight weeks later. Ten months after the amputation, roentgenographic evidence of a metastatic 
tumor nodule appeared in the hilum of the right lung (Fig. 1-C). Two \-ears after the amputation, the 
patient died. The amputation stump and the regional Ij’mph nodes remained free of tumor recurrence and 
metastases. 

Pathological Examination 

The right lower extremitj’ amputated in the mid-thigh showed the gross changes alreadj- describedi 
On removal of the overbdng soft parts, the proximal end of the fibula was found replaced bj' a tumor mass, 
measuring 8 bj' 6 b}- 3.5 centimeters. Mesial^- this mass encroached upon, but did not grow into, the 
lateral cortex of the tibia. Laterallj’ and anteriorlj’ it presented a lobulated surface. The peroneal nerve 
was incorporated in the mass. Frontal section (Fig. 1-D) through the tumor revealed a firm grajush-white 
mass which distallj’ was bonj’ hard, while proximallj’ there were islands of bonj' densit3'^ with surrounding 
firm glistening tissue of rubber3' consistenc3'. A roentgenogram of a slice through the tumor (Fig. 1-E) 
demonstrated almost complete destruction of the pro.ximal 3 centimeters of the fibula. Irregular blotchy 
shadows were seen throughout the tumor. There was marked increase in densit3' of the proximal end of the 
remaining shaft, and shadows of new bone formation radiated from it. 

The proximal end of the tibia showed a depression anteriorl3' in the region of the operation done on the 
original benign tumor. Frontal section of this bone revealed no evidence of tumor tissue. Except for 
sclerotic margins, the defect had filled in with normal cancellous bone. The femoral and saphenous veins 
showed no evidence of tumor thrombi. 

The section prepared from a frontal slice of the entire tumor of the fibula showed its irregular, lobulated 
structure. The peripheral portions of these lobules were composed of closely packed round or stellate cells, 
while centrally the cells were larger and the intercellular matrix more abundant (Fig. 1-F). Calcification and 
immature ossification were seen in the 
fibrous stroma between lobules and 
in the central areas of degeneration 
(Fig. 1-G). In the distal portion of 
the tumor, more immature ossifica- 
tion radiated from the fibular shaft. 

Diagnosis; Chondrosarcoma, 
primar3' in the proximal end of the 
fibula. 

Case 2. M.K., a female, when 
twent3’-two 3'ears old, noted a pain- 
ful swelling on the radial side of her 
right wist. A diagnosis of benign 
giant-cell tumor was made with the 
aid of roentgenograms and tissue 
biops3'. Treatment b3' three appli- 
cations of radium was given and 
later the patient received roentgeno- 
therap3' from several doctors. Ul- 
ceration and infection of the site 
occurred. A draining sinus neces- 
sitated removal of necrotic bone after three 3'ears. The total amount of irradiation b3' radium and b3' 
roentgenotherap3' is unknown, but on entr3' here at the age of t\\ent3'-nine 3'ears the skin of the distal third 
of the forearm was atrophic, exfoliative, pigmented, and adherent to the underh'ing structures. The hand 
at this time dexdated radial^' almost at a right angle to the forearm, due to loss of the distal portion of the 
radius (Fig. 2-A). There was sclerosis of bone m the distal end of the ulna, but no definite evidence of tumor 
Osteotom3' of the distal end of the ulna was done to correct the hand position, and an osteoiieriosteal bone 
graft was added. A roentgenogram (Fig. 2-B) three 3'cars after the operation showed the deformit3' cor- 
rected. Four 3'ears after the osteotomy oftheulim — that is.elevcn years after radiumandrocntgcnothenip3' — 
the patient noted a small tender swelling over tbe distal end of the ulna. The roentgenogram (Uig. 2-C> 
then .showed an area of rarefaction laterall3' in the distal end of the ulna. Exci-ion of the di-tal three inches 
of the ulna w.as done and the defect bridged 1)3' a tibial-bone transplant Healing occurred, although there 
w'a.s superficial ulceration of the damaged skin. Ten x-ears after the exci-ion of this second tumor, there w as 
no evidence of local recurrence or metastasis. 

Pathologic.al examination of the excised ulnar segment showed near its carpal end a firm m'Lss, 2 1)3' 1..") 
centimeters, projecting from its lateral surface (Fig. 2-D). A micro-coiiic section made through the entire 
s=I)ocimcn showed sclerotic bone of the ulna replaced 1)3' a denseh' cellular tumor The cell- were mamh' 

'oi. x\\ii. xo 2 , Arnii, loi.'-. 



Fig. 2-D 


Photograph of resected distal three inches of ulna shows tumor 
mass projecting from lateral surface. 
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spindle cells with abundant collagen formation. A moderate number of multinucleated cells were present. 
Mitotic figures were easily found. In the central portions of the tumor, there was my.\omatous degeneration, 
and tumor cartilage was observed (Figs. 2-E and 2-F), 

Diagnosis: Fibrosarcoma with tumor cartilage. 




Fig. 2-F 


Photomicrograph (X960) shows multinucleated cells and mitotic figures. 
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Case 3. D. W., a woman of forty-nine, had had a radical mastectomy for carcinoma of the right breast 
twelve j’ears before she was admitted to the Clinics in October 1943. Except for slight swelling of the right 
arm and temporary disability, she had had no postopeiative difficulty. Four neeks after the mastectomy, 
roentgen-ray treatments were begun through anterior and lateral portals over the right chest and shoulder. 
Treatments were completed in September 1931. Accurate information on the amount of roeutgerrotherapy 
is not available. The patient estimates that she received twelve treatments during an interval of three 
months. She noted no skin alteration during or after therapy. She remained well until January, 1943 — 
that is, eleverr year-s after the last \-ray treatment — ^wherr she noted pain on pressure over the right side of 
the chest. Roentgerrograms iu May 1943 (Fig. 3-A) showed replacement of the anterior end of the right 
seventh rib by a mass of irregular density. The lung fields show no evidence of metastases. A total of 
3000 roentgen units was given to the rib tumor in fifteen dailj- treatments of 200 roentgen units with 0.5 
millimeters of copper. 

Mlten the patient came to the University Clinics in October 1943, examination showed a well-healed scar 
of the radical mastectomy. Anteriorly and laterally over the right side of the chest there was irregular 
brownish pigmentation, presumably from the recent roentgenotherapy. Near the costrochondral junction 
of the seventh rib a tender enlargement was palpable. No hanph nodes could be felt in the axilla or in the 
neck. Slight oedema was present, brrt no disability of the right arm. 

On November 1, 1943, an oblique 20-centimeter tncision was made over the anterior portion of the 
right seventh rib. The sixth, seventh, and eighth ribs were freed to the osteochondral junction, were cut 
posteriorly, and the pleural cavity was opened. A mass projecting on the posterior surface of the seventh 
rib could be palpated near the junction of the rib and its cartilage. The sixth, seventh, and eighth ribs 
with adherent portion of diaphragm were excised. The woirnd healed without complication. Six months 
later examination and roentgenograms disclosed no exndeuce of local rectrr-rence or of metastasis. 

Pathological Examination 

The specimen (Fig. 3-B) of the seventh rib was 15 centimeters in length and inclrrded 1 centimeter of the 



Fig 3-A 

Case 3. Roentgenogram of chest elex’en and a half years after rrght mastectomy and x-r;ry 
therapy shows rrght seventh nb replaced antenorly by a mass with rrrcgirhrr shadow s of new l>one 
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Fig. 3-B 



Fig. 3-C 

Photograph of microscopic section througli entiie specimen. 


costal cartilage. The distal 9 centimeteis was enlarged b 3 ' a fiim mass which piojected 0.5 to 1 centimeter 
from the lateial surface. The mesial siiiface was thickened and broadened along its entiie length. At the 
anterior end a firm mass, 2 bj' 4 b}' 4 centimeteis, piojected from the pleinal surface and was adheient to a 
portion of the diaphiagmafic musculature. ^ 

A microscopic section was prepared through the entiie length of the involved iib (Fig. 3-C). "11"® 
demonstrated the intramedullar}’ and subperiosteal extent of the tumor. The subpleural nodule with ad- 
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Fig. 3-d 

Section (X200) from periphery of subpleural nodule shows closely packed round and stellate 
chondroblasts and multinucleated cells. 


herent muscle was seen near the osteochondral junction. The chaiacteristic tumor cells were best seen in 
this subpleural nodule, where peripherallj’ they were small and flattened noth little intercellular substance 
(Fig. 3-D). Centrally the ceils were larger and stellate, and (here was much intercellular hyaline matri.v 
which showed granular calcification and ossification fFig. 3-E). Other subperiosteal regions showed essen- 
tially the same picture. The cortices of the rib could be identified. Most of this bone was necrotic, as a 
result either of the recent roentgenotherapy or of interference with the blood supply by the tumor. Neoplas- 
tic bone had in many areas been laid down on the surface of old bone trabeculae (Fig. 3-F). 

Diagnosis: Chondrosarcoma, primary in the seventh rib. 

DISCUSSION 

The three tumors here reported are regarded as sarcomata, produced irradiation 
therapy for earlier neoplasms in the same regions. There is the possibility that they 
represent recurrence or metastasis of the original tumors. In Cases 1 and 2 the initial 
lesions were considered to be benign epiphyseal tumors. Apparently surgical operation 
and irradiation effected a cure of this disease in each case. Against the idea that the 
subsequent sarcoma represents a regional recurrence or latent metastasis of the primar3^ 
tumor is the long period before sarcoma was evident. In Case 1, seven j^ars and in Case 
2, eleven imars elapsed between eradication of the benign tumor and appearance of sarcoma. 
Also against local recurrence is the fact that in each case the sarcoma developed not at 
the site of the original tumor but in previousl}"' normal bone. Latent metastasis from the 
original growths can hardly be the explanation, since the second tumore are clinicalh" and 
histologically different from the original ones. iMoreover, irradiation sufficient to destroy 
the first neoplasm should have destrojmd anj-^ metastases in the same field. 

Sarcomatous change in benign giant-cell tumor has been described. Evidence of such 
malignant change has usually been obvious within one or two 3'ear.s at the site of the 
original tumor. The possibility may be noted here that so-called late malignant degenera- 
tion of benign giant-cell tumor treated by irradiation may represent in some case.-; sarcoma 
induced b3^ iri’adiation. 
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Fig. 3-E 

Section fX200) from central poition of nodule shows necrotic cartilage with calcification and 
ossification. 



Fig. 3-F 

Section (XlOO) from medulla of rib shows necrotic old bone trabeculae with ossifying cartilagi- 
nous tumor. 
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In Case 3, no question of regional recurrence or latent metastasis can be raised, be- 
’ause the primaiy tumor was carcinoma of the breast and the late rib tumor a chondro- 
sarcoma. There can be some doubt that the postoperative irradiation caused the rib 
Aimor, since apparently relatively little irradiation was used. Also the ribs are a common 
site for chondroma and chondrosarcoma, which ma}'^ grow slowlj^ and not produce symp- 
toms for a long time. However, chest roentgenograms made at the time of mastectomy, 
though not now available, were reported as normal. It is probably more than coincidence 
that chondrosarcoma developed in a rib within the field irradiated for carcinoma of the 
breast. 

The presence of chronic infection in all the earlj’^ cases of roentgen sarcoma of bone 
led most authors to the conclusion that irradiation of chronically inflamed tissue was 
responsible for tumor formation. Lacassagne and others stressed also the importance of 
infection and chronic irritation in experimental production of irradiation sarcoma. Al- 
though Schiirch and Uehlinger, and later others, showed that irradiation bj^ roentgenother- 
apy or radium alone produced bone sarcoma in a fair percentage of animals, there have 
been few reported clinical cases. Martland’s cases of poisoning by radium ingestion and 
Nprgaard’s case of bone sarcoma after the treatment of chronic arthritis by intra-articular 
radium chloride are the only recorded irradiation sarcomata of bone where infection was 
not present in the irradiated field. In this present report, Case 1 and Case 3 showed no 
infection. In Case 2 there was local bone infection, following ulceration of the skin, due 
to roentgen and radium therapjL This infected tissue was never irradiated, and the 
roentgen sarcoma arose in bone which had not been infected. 

It is true that occasionally malignant tumors develop in chronicall 5 >- infected bone, 
not subjected to irradiation. These tumors, however, are usuallj’- carcinomata, develop- 
ing in chronic ulcers or in epithelized sinus tracts. Sarcoma formation in chronically 
infected bone not exposed to irradiation is extremely rare. Kaufmann mentions one such 
case, but it is open to question. 

Most studies on the effect of irradiation upon the skeleton have been concerned with 
alterations in hematopoietic marrow and with disturbances in epiphyseal cartilage. The 
changes in osseous tissue have received less attention. Phemister showed that radium 
implanted in bone produces extensive aseptic necrosis of regional bone. Replacement of 
the dead by living bone occurs more slowly than in other forms of aseptic necrosis, and 
hence fractures are apt to occur. Dense fibrous scar eventuall}'^ occupies the marrow 
spaces. Whether sarcomata develop from the fibrous scar or from damaged reticulo- 
endothelial cells is not known. 

•One of the most interesting facts about roentgen or radium-induced sarcomata of 
bone is the large proportion of cartilage-forming tumors. This is true of sarcomata 
produced in experimental animals, as well as in human beings. Unfortunateb’^ the his- 
tological description of some of the earlier cases is not detailed enough to permit of classifi- 
cation as to histological type. Nevertheless, of the twenty-four cases recorded, nine are 
undoubtedlj^ cases of chondrosarcoma. Cases 1 and 3 of this report are typical cliondro- 
sarcoma. Case 2 shows myxomatous degeneration and cartilage formation, but the 
greater part of the tumor is a typical fibrosarcoma. Such a tumor is difficult to classify 
accurately. The reason for the predominance of sarcomata of cartilaginous nature is not 
known. It may be that undifferentiated mesodermal cells or reparative scar tissue, when 
stimulated to neoplastic growth by irradiation, take on cartilage-forming ability. 

Roentgenotherapy was used in eighteen of the twenty-four recorded cases of irradia- 
tion bone sarcoma. In all of these the total irradiation was great. Man}' reports do not 
record the amount accurately, but from the descriptions of changes in the skin and other 
soft parts it is evident that severe tissue damage was produced. The roentgenotherapy 
in all of them was administered in repeated doses, spaced over one to five years. In Case 1 
of this report 9800 roentgen units were delivered to the surface in fractional do-e-; during 
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one yeai'. The proximal end of the fibula, it can be estimated, received approximately 
80 per cent, of that dose. The secondary radiation within bone may increase the effect 
within and about that tissue. In Case 3 roentgenotherapy produced no noticeable skin 
alteration. Practically all that was administered can be assumed to have been delivered 
within the ribs, since radical mastectomy had removed all overlying musculature. It 
may be that bones rich in hematopoietic tissue and reticulo-endothelial cells are more 
prone to develop sarcoma than are bones which have a greater proportion of fatty marrow. 
It may be also that predisposition of the individual to neoplastic growdh is a factor in de- 
velopment of irradiation sarcoma. Warren and Ehrenreich have shown in cases with mul- 
tiple tumors that there exists an individual susceptibility to cancer. 

The time required for development of sarcoma after irradiation of bone is long. In the 
cases in the literature, the shortest interval was three years and the longest eleven yean 
In the three cases added here, sarcoma was recognized four, eleven, and eleven yean 
respectively, after the final exposure to irradiation. The median for all reported cases i 
six years. 

SUMMARY AND CONCLUSIONS 

1. Twenty-four cases of bone sarcoma which followed x-ray or radium in-adiation o 
bone are reviewed. All except six of these occurred in association with chronic join 
infection. 

2. Three cases are added -which are regarded as bone sarcoma, resulting from irradia 
tion of bone for earlier independent tumors. Two are chondrosarcoma, and one is fibro 
sarcoma with tumor cartilage. 

3. In all cases except one, the amount of irradiation was large and was administerec 
in fractional doses over a long period. 

4. The interval between irradiation and recognition of irradiation-produced sarconR 
is long. The median time in reported cases is six years. 

5. Chondrosarcoma occurs more frequently among irradiation-produced sarcomata 
than in other bone tumors. 
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TREATMENT OF BENIGN GIANT-CELL TUMORS BY RESECTION 01 

EXCISION AND BONE GRAFTING 


BY HENRY W. MEYERDING, M.D., ROCHESTER, MINNESOTA 
From the Section on Orthopaedic Surgery, M ayo Clinic 

The complete excision of benign giant-cell tumors results in cure. The site and extern 
of the tumor are important factors when deciding on the type of treatment. Since sucl 
tumors are osteol 3 '-tic in nature, fracture is common. This is especially true in weight- 
bearing bones. In the majority of cases, the tumor occurs in the region of a joint. It h 
the purpose of this presentation to discuss the experience with resection and with excision 
and bone grafting for benign giant-cell tumor at the Majm Clinic. Although excision ol 
the tumor without bone grafting ma^'- result in a cure, ossification of the blood-filled cavities 
is slow and convalescence is prolonged undul 3 ^ In certain cases, complete excision of the 
tumor and bone grafting result in a more rapid cure without deformit 3 ’- or disabilit 3 ’-, and 
restore strength and function of the extremit 3 '' in a shorter time. 

Because of the size and site of some benign giant-cell tumors, irradiation therapy is 
the only treatment that can be emplo 3 ''ed. Interesting cures have resulted from the use 
of roentgenotherap 3 '- alone. In Case 8, reported later in this pape'r, such a result was 
obtained. A combination of surgical treatment and roentgenotherap 3 '- may be employed, 
but this treatment is associated -with a certain amount of danger (Case 7) ; and surgical 
treatment only, wdierever it is possible, is preferable. Preoperative irradiation may pro- 
duce damage of tissue and atroplty; I have observed patients so treated, in whom the 
operative scar broke down, an ulcer formed, and the graft was lost. One must keep an 
open mind as to the relative value of the methods of treatment and employ that which, 
in his experience, has proved to be the best in the individual case. 

.The evaluation of any type of treatment depends on a correct diagnosis, on judgment 
in the selection of patients, on skill in carrying out the treatment, on a careful review of the 
history, on the clinical, roentgenographic, pathological, and surgical findings, and on the 
patient’s progress for several years afterward. In stud 3 dng a series of fort 3 '’ cases of this 
type of tumor, in which excision of the tumor and bone grafting -were performed during 
a period of thirty-one 3 mars, 1913 to 1943 inclusive, I have endeavored to adhere to these 
criteria. 


HISTORY 

In 92 per cent, of the forty cases, the patients were betiveen ten and fifty years of age; 
the average age was 28.7 years. The 3 '-oungest patient was eight 3 ''ears of age, and the 
oldest wms sixty-three 3 ''ears. A history of a single injury was elicited in twenty-one cases 
(52 per cent.), and multiple injuries had occurred in two cases (5 per cent.). In four cases 
(10 per cent.), it was definitel 3 '' stated that injury had not occurred; and in thirteen (32 
per cent.), trauma wms not mentioned in the histoiy. In thirt 3 '--twm cases (80 per cent.), 
symptoms had been present for less than three years; in twenty-three cases (58 per cent.), 
S 3 miptoms had been present for less than one 3 '’ear; and in eight cases (20 per cent.), S 3 mip- 
toms had been present for three 3 ''ears or more. The average duration of symptoms before 
operation was 23.5 months. Treatment prior to consultation and operation at the Clinic 
had consisted of immobilization, diatherm 3 '-, elimination of foci of infection, arthritis vac- 
cines in five cases (12 per cent.), aspiration in six cases (15 per cent.) in two of which irradi- 
ation also had been emplo 3 ’’ed, irradiation alone in four cases (10 per cent.), excision and 

* Presented at the Annual -Meeting of The American Orthopaedic Association, Hot Springs, Ihrgiiaa- 
June 2, 1944. 
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irradiation in one case ( 2.5 per cent.), and excision and bone grafting in Uvo cases (5 per 
cent.). In two (5 per cent.) of the cases, a diagnosis of sarcoma had been made and 
amputation had been advised. 


DI.\GXOSIS 

Although the diagnosis of benign giant-cell tumor usually can be made on the basis 
of the history and the clinical and roentgenographic findings, an occasional error ma^"- 
occur. Microscopic examination is more reliable, and has seldom been in error. Although 
Herendeen admitted that an error may occur in the roentgenographic diagnosis, he ex- 
pressed the opinion that routine biopsj'^ is unnecessar3', if the clinical higtorj’^ and the 
phj'sical and roentgenographic findings are characteristic. However, in m3’- experience, 
these so-called characteristic clinical and roentgenographic features are untrust^vorth3^ 
Herendeen said further that, if the diagnosis cannot be made without microscopic exami- 
nation, it is not uncommon to find that the microscopic findings are as uncertain as the 
roentgenographic findings. Furthermore, he said that biopsy ma3’- result in infection, 
dissemination of tumor cells, and accelei-ation of growth of the tumor, owing to breaking 
down the natural barrier around it. Operations which are performed with the aid of a 
tourniquet, such as resection of the involved portion of bone and complete excision of the 
tumor b3'- curettage followed immediatel3' b3' cauterization, and microscopic examina- 
tion of frozen sections have practicall3'^ eliminated such complications. There are some 
cases in which the pathologist has not been given the true tumor tissue, or he has been 
given such small portions of tissue that an accurate diagnosis was impossible, A punch 
biops3>- is useful in those cases in which the tumor is situated in inaccessible regions and in 
cases in which exposure is dangerous. Although this procedure is emplo3’'ed at times at 
the Clinic, it is not used routinel3^ Close cooperation between the pathologist and sur- 
geon at the time of the operation leads to the correct diagnosis and prompt treatment. 
The differential diagnosis of benign giant-cell tumor and malignant giant-cell sarcoma 
cannot be made on the basis of roentgenographic interpretation alone. Adequate ex- 
posure and the removal of a block of tissue will enable the surgeon and the pathologist to 
examine the gross specimen and obtain several sections for microscopic examination. 
Should there be an3^ doubt that the lesion is benign, the wound should be closed and the 
pathologist given additional time. This sometimes is necessar3’ in cases in which a pre- 
vious operation has been performed, in cases where irradiation has been emplo3’ed, and 
in cases in which the tumor is infected; it is rareb-^ necessar3" if the patient has not received 
treatment previousl5^ 


SELECTIOX OF C.VSES 

In the usual case in which excision and bone grafting are performed, the tumor is 
situated in an extremity; and, when such surgical procedures are carried out correctl3', 
they give excellent results. After the roentgenographic examination has demonstrated 
the extent of involvement, and has excluded evidence of recognizable metastatic involve- 
ment in the thorax, the surgeon decides whether resection of the involved portion of bone 
or excision of the tumor with curettage and cauterization is indicated. 

OPER.VTIVE PROCEDURE 

Curettage of a giant-cell tumor should consist of complete excision; in order to ac- 
complish this it is necessaiy to have a dr3' field and an opening large enough so that the 
size of the lesion can be determined and ever3' particle of tumor tissue removed. Com- 
plete removal is necessar3’. Furthermore, the surgeon must select a bone from wliich the 
proposed graft is to be obtained; usualH the graft is taken from the tibia, fibula, ilium, or 
from a sound portion of the involved bone. Although autogenous bone grafts are pre- 
ferred, homogenous grafts have been used to fill huge defects. As hemorrhage maN* cause 
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serious complications in cases in which it is impossible to use a tourniquet, the surgeoi 
should be prepared to pack the cavity. AA' hen such a procedure is necessaiy, a gauze pad 
impregnated with petrolatum and sulfathiazole is used, and the wound is sutured i 
layers. The pack may be left in place for a week, and the operation may be completed a 
the second stage. Massive resection of the involved bone is usually performed in case 
in which the tumor is situated in the radius, ulna, or fibula. When the tumor is large an( 
involves the tibia or femur, large bone grafts are required. In such cases, the bone strut 
and shavings are generally obtained from the tibia. 

The best results are obtained in cases in which the cavity is packed firmly with au 
togenous bone, and when complete rest is assured by immobilization of the extremity in i 
plaster-of-Paris cast. In cases in which the tumor is situated in the region of the knee o 
the ankle, weight-bearing should be avoided until the roentgenographic examination dis 
closes sufficient deposition of bone to stand the stress and strain that will be required 
In those instances in which the articular cartilage is exposed, the use of supporting struts 
is advisable, and it is well to fill the interspaces with shavings and cancellous bone. Ar 


electric bone saw is employed for 
the removal of the struts, and a 
sharp chisel and curette are used 
to obtain shavings. After the 



Di.stribution of benign giant- 
cell tumors; the figures indicate 
the number of instances in which 
tumors occurred at the respective 
sites in a scries of fortj’’ cases. 



Fig. 2 

Case 1. o; Benign giant-cell tumor e.xpanding lower pait 
of left ulna, b: Bone graft in position twenty-fhiee yeais 
after operation, c: Photomicrograph (X85) of the tumor. 
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cavity has been packed with bone, the periosteum, whenever possible, is sutured ; and the 
wound is closed snugly in lajmrs. Bloody drainage should be avoided, as it may lead to 
infection or to osteomyelitis, in which case the grafts may be lost. Frank infection did not 
occur in any case in this series, although several patients had serous discharge for short 
periods, or ulcers in incisions as a result of previous irradiation. In the past, writers have 
emphasized the dangers of hemorrhage, shock, and infection. Modern aseptic surgery 
has to a large extent eliminated these complications. 

RESULTS 

In the twenty-six years from 1913 to 1938 inclusive, excision and bone grafting were 
performed in eighteen cases, and in the five years from 1939 to 1943 inclusive, these pro- 
cedures were followed in twent 3 ^-two cases. In one patient, whose tumor was very ex- 
tensive and cellular in type, and had recurred, an amputation was required. This patient 
is living more than five years after the onset of symptoms, and is wearing an artificial 
limb. Routine roentgenographic examination of the lungs did not disclose any evidence 
of metastasis in this series of cases. The sites of involvement in this series are shown in 
Figure 1. 

Of twenty-six patients who had not undergone a previous operation, twentj’--four 
obtained good functional results, and two required second operations. One of these pa- 
tients required an amputation; the other was operated on elsewhere, and the result evi- 
dently was satisfactory. Of the four patients who had received only irradiation therapy 
of unknown degree before coming to the Clinic, all obtained good functional results. Of 
the three patients who had undergone an operation before they came to the Clinic, all 
obtained good functional results. Of three patients who previously had undergone some 
form of operation, and, in addition, had received irradiation therapy, also of unknown de- 
gree, all obtained good functional results. 

Therefore, of the forty patients in this series, thirty-eight, or 95 per cent., obtained 
good functional results, and two, or 5 per cent., did not. 

Three of the forty patients have died. One of these died suddenly of cerebral hemor- 
rhage, one year after operation. One died of chronic inflammation of the intestine and 
anaemia more than a year after operation, and the family physician said that there was no 
evidence of metastasis of the tumor. The third patient died suddenly, nearly seven years 
later, four days after the onset of pneumonia. The family physician reported no evidence 
of metastasis. 


REPORT OF CASES 

Case 1. A woman, thirty years of age, came to the Clinic on June 30, 1913, because of aching pain and 
swelling of the left wrist of two years’ duration. There was no history of trauma, and she had had no previous 
treatment. On July 4, 1913, the lower end of the left ulna was resected and a tibial bone graft was inserted. 
The pathologist reported that the lesion was a benign giant-cell tumor (Fig. 2, a). Twenty-tlmee years later, 
the roentgenographic examination showed that the bone graft was in good position and that union had oc- 
curred. In March 1944, or thirty-one jmars later, the patient reported that she had good function of her 
arm. 

Case 2. A woman, twenty years of age, came to the Clinic on April 25, 1927, because of pain, swelling, 
and local heat, which had been present in the right leg for nine months. There was no historj’ of trauma. 
The severity of the symptoms had increased gradually, and she had been told she had a cancer of the bone. 
Clinical and roentgenographic examination revealed a giant-cell tumor of the upper part of the right tibia 
(Fig. 3, a and b). The lesion had destroyed practically all of the upper part of the tibia. On April 27, 1927, 
soft tissue was removed by curettage, and numerous bone grafts from the flat internal surface of the tibia 
were placed in the cavity, after which the periosteum was sutured snugl}’. Then a cast wa.s applied. The 
pathologist reported that the lesion was a benign giant-cell tumor. The convalescence was uneventful. 
Seventeen years later, the patient reported that she had not had any difficulty with her leg and that the 
function was good. 

Case 3. A woman, thirtj’-cight years of age, came to the Clinic on April S, 1929, becau=e of pain. 
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swelling, and local heat of the left foieaim of seven and a half years’ duration. In the six weeks before she 
came to the Clinic, irradiation therapy had been employed twice, and operation had been advised. On April 
11, 1929, operation revealed that the turrror had alreadj' broken through the cortex of the bone (Fig. 4, a). 
The tumor, which corrsisted of reddish 
jamlike material, was removed entirely bj' 

> curette and chisel. A bone gr aft fr orn the 
left fibula was fitted into the defect and 
'< was held in place with beef-bone screws 
(Fig. 4, &). A cast was applied from the 
fingers to the middle of the humerus. The 
pathologist reported that the tumor was a 
benign giant-cell tumor. The convales- 
p cence was irneventful and the patient re- 
turned honre on the twenty-fourth daj’ 
after operation. Six years and nine 
months later, she suddenlj' became ill with 
pneumonia, and died after four days. 

She had had good function and no trouble 
with her arm after the operation. 

Case 4. A woman, thirty j’ears of 
age, came to the Clinic becairse of pain 
I in the right hip of two years’ duration. 

A diagnosis of arthritis had been made. 

Traction treatment had been employed, 
and she had used crutches. Later a tumor 



had been discovered. There w as a history 
~ ^ of trauma fifteen years before she came 
to the Clinic. Clinical and loentgeno- 
1 graphic examination resulted in a diag- 
nosis of giant-cell tumor or cyst (Fig. 5, a). 


Fig. 4 

Case 3 a: Benign giant-cell tumor that has destroyed the 
lower part of the left radius, and has extended into the soft 
tissues. 6. Bone graft held in place with a beef-bone screw. 



Fig. 5 


Case 4. a: Benign giant-cell tumor, which h.as cau'cd extendve dc-truction of the head and neck of 
the right femur, h: Appearance of involved bone three months after excision of the tumor and insertion 
of a bone graft. 
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5\eision of the tumor and bone grafting w ere performed on June 28, 1938. Bleeding u as controlled wth hot 
lacks, and the wound was swabbed with a solution of zinc chlonde. Bone chips obtained from the right 
lium and right tibia w ere packed into the ca\dty. A spica cast w as applied. The pathologist reported that 
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the tumor was a benign giant-cell tumor. More than five years later, the patient reported that she had good 
function and was working. 

Case 5. A woman, thirtj'-four years of age, came to the Clinic on January 28, 1939, because of swelling 
of the lower part of the right femur. The swelling had been present for one year. It had been associated 
with pain and a local increase in temperature. There was no history of trauma. A clinical diagnosis of 
giant-cell tumor was made (Fig. 6, a and b). The roentgenologist suggested the possibility of sarcoma. On 
January 30, 1939, the tumor was excised, and bone grafts were inserted. The periosteum was then sutured, 
and the wound was closed in layers. A cast was applied. The pathologist reported that the tumor was a 
benign giant^cell tumor. Convalescence was uneventful and the patient left the Hospital on the twenty-fifth 
day after operation. More than five years later, the patient said that the functional result was good. 

Case 6. A woman, forty-two years of ago, came to the Clinic in October 1939, because of trifacial neu- 
ralgia. In the course of the examination she complained of occasional pain in the region of the right os calcis. 
A clinical and roentgenographic diagnosis of giant-cell tumor or cyst was made (Fig. 7, a and 6). On Novem- 
ber 1, 1939, the tumor was removed and bone grafts were inserted. The pathologist made a report of benign 
giant-cell tumor. Four and a half years later, the patient said that the function of the involved limb was 
good. She had no pain and was able to do her usual work. 

Case 7. A married woman, aged twenty-six years, admitted to the Clinic on June 8, 1937, complained 
of pain and swelling in the left buttock of four months’ duration. A malignant lesion of the left ilium was 
suspected, and an exploratory operation was advised. On June 16, 1937, the tumor was excised ; on examina- 
tion of the tissue, the pathologist found that it was a benign, foreign-body, giant-cell tumor. The patient 
was given nine low-voltage roentgen treatments postoperativel 5 ', and calcification occurred. 

In Januarj' 1941, the patient was delivered of a normal baby and complete calcification had occurred 
at the site of the tumor as shown in the roentgenogram (Fig. 8, h). Seven years after institution of treatment, 
the patient is in good health. 

Case 8. A man, twenty-nine years of age, was seen May 29, 1936, at which time he stated that about 
March 25 he had noticed soreness of his left shoulder, following exposure to cold. Pain had increased gradu- 
ally, and he had been given physical therapy and roentgenotherapy for subdeltoid bursitis. 

Roentgenograms of the left shoulder revealed a large area of destruction of the lateral aspect of the left 
scapula, just medial to the scapular neck. The roentgenologist made a diagnosis of metastatic malignant 
lesion. On June 16, 1936, the tumor was explored and tissue removed. The pathologist reported that tlic 
tissue came from a vascular giant-cell tumor. (This tissue has been re-examined recently by Dr. A. C. 
Broders who corroborated the diagnosis of benign giant-cell tumor.) It was the opinion of the surgeon that 
the tumor could not be removed unless a forequarter amputation was performed. Three low-voltage roent- 
gen treatments were given. The patient had good motion of the left arm, and was free of sj'mptoms in two 
months, at which time roentgenograms showed that the tumor was undergoing sclerosis. Six months later, 
further roentgenograms showed practically complete calcification of the tumor. Tlie patient is living and 
well eight years after the biopsy and exploratory operation, 

COMMENT AND SUMMARY 

This paper is based on a series of forty cases of benign giant-cell tumor of bone, in 
which excision of the tumor and bone grafting were employed. The history, as well as the 
clinical, roentgenographic, and microscopic findings, and the follow-up data have been 
reviewed in all forty cases, and the diagnosis of benign giant-cell tumor has been confirmed. 
Massive resection and excision by curettage and cauterization appear to be safe methods of 
eradicating the tumor. The resultant cavities have been filled with autogenous bone, 
which stimulates rapid formation of bone, lessens the danger of collapse from fracture, and 
tends to prevent deformity and disability. Excision of the tumor and bone grafting is a 
safe procedure in properly selected cases, and it tends to prevent deformitj- and disability. 
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DISCUSSION 

Dr. Nicholas S. Ransohope, New York, N. Y. : I would like to congratulate Dr. Hatcher on his splendii 
presentation, and report another case. This is a case of which Dr. Gill knows, and which I think Dr. Moor 
saw and treated. The lesion rcscmhled a bone cyst in the upper end of the humerus. The patient wa 
treated with massive doses of roentgenotherapy, and was operated upon by me last October. Much to m; 
surprise, Dr. Jaffe’s pathological report was fibrosarcoma of the bone. It has gi-own to largo size. There ii 
an extensive recurrence locally, but no axillary glands are involved. The chest .x-rays have been reportec 
negative. We now wish to disarticulate the patient’s arm, but his parents refuse to have it done. It wil 
be a pleasure to liave Dr. Hatcher include this case with his. 


Dr. Carl E. Badgley, Ann Arbor, Michigan; As one reviews the literature on benign giant-cell tumoi 
and giant-cell sarcoma, or the malignant variation of giant-cell tumor, much confusion is apparent. Various 
forms of therapy have been employed in the treatment of the benign tumor. In our own Clinic, the Depart- 
ment of Roentgenology in 1 936 reported the treatment of forty cases of benign giant-cell tumor. The statis- 
tical I'eport was of pi'actically no value, because, as ive classified these cases into various groups according to 
treatment, there were too few in each group to be of any value. It has been our opinion in the study of 
the cases we have followed since that time, that, in the treatment of giant-coil tumor, one must make up his 
mind whether he will employ roentgenotherapy or surgery. A combination of roentgenotherapy and surgery 
has given us poorer results than either alone. Eight 3 '’-si.x per cent, had good results by sui-gery alone; 85 
per cent, by roentgen raj^ alone ; 40 per cent, had good i'c.sults from preoperative radiation, surgery, and then 
postoperative radiation, and 60 per cent, were failures from this treatment. 

I want to emphasize that radiation following operation and the employment of a bone graft is a danger- 
ous procedure. It may well prevent creeping substitution in the bone graft, and may interfere with healing. 

I want to compliment Dr. Meyerding for the practical points in his talk. He has selected forty, or 28 
per cent., of the giant-cell tumors, because they wore benign and were treated by surgery. That gives us 
something to work with. A comparison of the figures from the Mayo Clinic and other clinics will give us 
ultimately a basis for selecting treatment. His success of 95 per cent, with surgery gives us something by 
which we can measure other forms of treatment. 

Incidentally, the one failure we had — and I saj"^ this in justification of .x-ray therapy — was a patient 
upon whom we operated, intending to do a bone graft. There was so much bleeding that we closed the 
wound, and finally convinced the X-Ray Department that they should give roentgenotherapy prior to 
surgerj^; under roentgenotherapy the patient recovered. That was an achievement with x-ray whore 
surgery had failed. 


Dr. Alberto Incl.an, Havana, Cuba: In mj"^ own c.xporience the treatment of choice has alwaj's been 
complete resection whenever possible. Of course, the giant-cell tumor ma}' be localized in places whcie we 
cannot use this type of radical surgery. In the cases where we have to preserve joint function, as in most of 
the cases Dr. Me^-erding has shown us, we do a' more or less complete excision, with bone grafting. We 
have had recurrence of the tumor twice after the use of this method. That is whj' I prefer complete resec- 
tion which has never been followed by recurrence in our cases. I have noticed that the {xatients treated bj' 
curctta'’-e and cauterization have shown the greatest number of recurrences. In the pathological examina- 
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tion of these lecurrences wc have found a malignant change in the histological aspect of the lesion, shownng 
more or less marked signs of local mahgnancj' in the stroma, such as hyperehromatism, mitosis, and some- 
times increased vascularity of the stroma In other woids there has been a definite change in the histological 
aspect of the original benign lesion, v ithout the appearance of a true sarcoma In dealing v ith this type of 
case, I believe complete resection should alw ays be done 

In 1940 I published a papei leviewmg thirty cases of giant-cell tumor, and 1 made it very plain that, 
even m these cases vith local signs of malignant change, tte did not have any metastases Since then, two 
of these cases have developed mtrathoracic malignant tumors, vhich I am inclined to believe are metastatic 
lesions In both cases, these have become clinically apparent three years following local excision of a histo- 
logicallv proved giant-cell tumor 

Dr C Lesue Mitchell Detioit, Michigan I was very much inteiested m Dr Hatcher’s paper be- 
cause I had reached the same conclusions 4 few years ago, a young girl, fourteen years of age, reported to 
the Clinic with a lesion of the lower end of the tibia, which on biopsy pioved to be a giant-cell tumor 
She w as given deep x-ray therapy, and about a 3 'eai and a half later a lesion of the malleolar portion of 
the fibula developed Biopsy showed fibrosarcoma, and amputation was carried out Subsequently, 
metastatic nodes m the inguinal region were excised There has been no recurrence after seven j'ears. 

Subsequently w e have had tw o other cases, similar m many respects, w ith malignant degeneration of a 
benign lesion follow mg deep x-raj' therapy One of these cases w as a giant-cell tumor of the tibia, treated 
by Dr Peabody ten j'ears ago by deep x-ray therapy The other one w as a benign cyst of the humerus in 
a young girl, wath development of sarcoma six months following irradiation 

Dr C Hom ard Hatcher, Chicago, Illinois (closing) The cases reported by Dr Ransohoff and bj' Dr 
Mitehell are interesting ones and important, because of their laiity in American literature It is possible 
that some benign giant-cell tumors w hieh have been reported to undergo malignant change are examples of 
sarcoma induced bv therapeutic irradiation 

It should be emphasized that the cases of irradiation sarcoma reviewed in this paper occurred mostly 
during a period when x-raj therapy was not so well controlled as to indications and dosage as it is now' 

How irradiation acts m pioducmg malignant change m bone is unlcnown We do know thatbonj' tissue 
undergoes avascular necrosis follow mg intensive irradiation, and its repair is very slow It is probable that 
neoplasia occurs m either the marrow elements, or m the scar tissue which repairs the region damaged by 
irradiation 
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AN EVALUATION OF THE ESTIMATED PERCENTAGE OF GROWTH 
FROM THE DISTAL EPIPHYSEAL LINE 

BY IRVIN E. IIENDRYSON, M.D., PHILADELPHIA, PENNSYLVANIA 
From the VnivLrsitij of Pennsylvania, Graduate School of Medicine 

1 he difficulty of estimating the expected growth of a long bone is stressed more and 
more by the increased interest in the problem of equalization of length of the lower ex- 
tremities, particularly in considering the operation of epiphyseodesis. Digby measured a 
set of long bones, and established a standard scale of growth from distal and proximal 
epiphyseal lines. Bisgard and Bisgard substantiated his findings by experimentation with 
animals. Wilson and Thompson then applied the same figures clinically in an effort to 
determine the expected growth in an extremity. By estimating the percentage of growth 
from each epiph 3 '-seal line, the}'' corrected the discrepancy by epiphyseodesis, as outlined 
by Phemister. 

In explaining the basic principle involved, Digby postulated that; 

. . . the nutiient canal ahva 3 '^s points toward the oldest part of the shaft of the long hone. It is mote 
accurate to say that the canal points towards the site which the oldest part of the bone ivould occupy were it not 
that the osseous tissue first formed is subsequently absorbed in pr.ovidinq the medullary cavity. . . . The initial 
point of ossification may be easily determined, for it corresponds to that point in the centre of the medullary 
cavity which is reached by an imaginary pi'olongation of the nutrient canal. The site of initial ossification 
having been determined, it becomes easy to measure the precise lengths of bone which are formed fi’om the 
two growing ends of the diaphysis. . . , 

‘ . . . and also in the case of the adult femur whci'e, when two foramina are present (as not infrequentlj^ 
liappens), the nutrient canals have different obliquities, so that when prolonged they converge on almost the 
same point in the medullary cavitJ^” 

Following this principle, Digbj’- measured a set of long bones and established percent- 
ages of growth from distal and proximal epiphjrseal lines which are now used (Table I). 

The present studj'- was undertaken primarily to evaluate this method of estimating 
growth. An attempt was also made to arrive at a standard mean of growth in a large 
series of cases, rather than to accept figures derived from one isolated set of measurements. 

METHOD 

1. Material. Measurements were made on fifty-four adult, human femora, selected 
at random from dried anatomical laboratory specimens. Of this number, forty-eight had 
a single nutrient canal, while six were discovered to possess two such canals. Because of 
this variation, thej'' were considered separately, forming Group A and Group B in this re- 
port. Two femora from the new-born were secured and identical studies made on them; 
these form Group C. 


TABLE I 

A Comparison of Digby’s Scale with Specimens Showing Extremes in 
Length and Percentage Growths prom the Distal Epiphyseal Line of the Femur 


Specimen 

Diaphj^seal Length 

Growth from Distal Epiphysis 

Number 

{Centimeters) 

{Centimeters) 

{Per cent.) 

103 

45 5 

32 

70 

94 

34 

24 

70 5 

14 

43 5 

34 5 

79 

24 

37 

18 5 

50 

Digby’s 

16 inches 

11 inches 

69 per cent. 

Scale: 

(40 centimeters) 

(27.5 centimeters) 
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2. Menmration. In making the measurements of the femora it was decided that 
more exact data could be secured making roentgenograms of the bones and measuring 
them. This procedure ivas carried out b}"- first passing a small needle along the nutrient 
canal into the medullary cavity, and fixing it with modeling clay. The entire femur was 
then mounted on a cassette with cla 3 ' so that roentgenograms could be made. In each 
case it was fixed so that the rays would pass to. the canal at a right angle. 

Regular, ultra-speed film was used in making the roentgenograms. Exposures were 
made at sevent 5 '-two inches, with seventy-five peak kilovolts, twenty milliamperes, for 
fifteen seconds. 

In determining the location of the metaphj'^sis it was noted that after closure of the 
epiph 3 "sis a suitable Variation in densit 3 '- did not always appear to reveal the site of closure. 
Two specimens in the group revealed epiphyseal lines which were nearb'^ obliterated. 
From these, points were found which were present in all of the specimens, and which 
showed definitely the plane where metaph 3 '-sis and epiph 3 '^sis fused. 

It then became possible to measure the over-all length of the shaft and the distance 
between Digb 3 ’'’s “site of initial ossification” and the distal and proximal ends of the 
shaft. 


EXPERIMENTAL DATA 

Group A 

Forty-eight specimens were measured. The maximum length of diaph 3 ’-sis encoun- 
tered was 45.5 centimeters (Specimen 103), and the minimum length was 34 centimeters 
(Specimen 94). The maximum growth from a distal epiphyseal line was 34.5 centimeters 
(Specimen 14), and the minimum growth from a similar structure was 18.5 centimeters 
(Specimen 24). The length of the shaft in the former (Specimen 14) was 43.5 centimeters, 
and in the latter (Specimen 24) 37 centimeters. As a result, the greatest individual 
growth from a distal epiphyseal line was 79 per cent., while the smallest percentage of 
growth was 50 per cent. (Table I) . The remaining bones exhibited growth percentages 
which fell between these extremes. 

After the percentage growth from the distal epiphyseal line in each femur had been 
established, a percentage growth mean for the series could be computed. This figure was 
71 per cent. Yet it gave no indication of the variation from the mean. This latter figure 
is known as the Standard Deviation and is derived from the formula: 

„ I Sum of the squares of the observations ,,, . 

S D = ^ i {Mean of the observahonV 

' Number of observations 

In this series the Standard Deviation from the mean was ± 6.5 per cent. Therefore, 
the average percentage of growth to be expected from the distal epipltyseal line in a femur 
would be in the range between 64.5 per cent, and 77.5 per cent. 

Group B 

This group was composed of six femora exhibiting dual arterial suppl 3 '. The method 
was the same as that used in Group A except that a needle was inserted into each arterial 
canal before the plates were made. 

A study of these films revealed that in four of the femora the expected intersection of 
the prolonged nutrient canals did not occur. Table II reveals the diaphvseal length in 
these bones and the distance from the distal metaplrasis to each medullo-nutricnt canal 
intersection. 

In the remaining two femora the arteries intersected. The mea.suremcnts obtained 
and the resulting proposed percentage of growth from the distal epiplu’ses are shown in 
Table III. 
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AN EVALUATION OF THE ESTIMATED PERCENTAGE OF GROWTH 
FROM THE DISTAL EPIPHYSEAL LINE 


BY IRVIN E. HENDRTSON, lAI.D., PHILADELPHIA, PENNSYLVANIA 
From the VniversiUj of Pennsylvania, Graduate School of Medicine 

The difficulty of estimating the expected growth of a long bone is stressed more and 
more by the increased interest in the problem of equalization of length of the lower ex- 
tremities, particularly in considering the operation of epiphyseodesis. Digby measured a 
set of long bones, and established a standard scale of growth from distal and proximal 
epiphyseal lines. Bisgard and Bisgard substantiated his findings by experimentation with 
animals. Wilson and Thompson then applied the same figures clinically in an effort to 
determine the expected growth in an extremity. Bj'’ estimating the percentage of growth 
from each epiphj'-seal line, they corrected the discrepancy by epiphyseodesis, as outlined 
b}'^ Phemister. 

In explaining the basic principle involved, Digb}’’ postulated that: 

“. . . the nutrient canal always points toward the oldest part of the shaft of the long bone. It is more 
accurate to saj'' that the canal points towards (he site which the oldest part of the bone xvould occupy were it not 
that the osseous tissue first formed is subsequently absorbed in providinn the medullary cavity. . . . The initial 
point of ossification may be easily determined, for it corresponds to that point in the centre of the medullary 
cavit}’’ which is reached b}' an imaginaiy prolongation of the nutrient canal. The site of initial ossification 
having been determined, it becomes casj’’ to measure the precise lengths of bone which are formed from the 
two growing ends of the diaphysis. . . . 

"... and also in the case of the adult femur where, when two foramina are present (as not infrequently 
happens), the nutrient canals have different obliquities, so that when prolonged they converge on almost the 
same point in the medullaiy cavity.” 

Following this principle, Digbj'’ measured a set of long bones and established percent- 
ages of growth from distal and proximal epiphj'-seal lines which are now used (Table I). 

The present study was undertaken primarily to evaluate this method of estimating 
growth. An attempt was also made to arrive at a standard mean of growth in a large 
series of cases, rather than to accept figures derived from one isolated set of measurements. 

METHOD 

1. Material. Measurements were made on fifty-four adult, human femora, selected 
at random from dried anatomical laboratoiy specimens. Of this number, forty-eight had 
a single nutrient canal, while six were discovered to possess two such canals. Because of 
this variation, the}’’ were considered separately, forming Group A and Group B in this re- 
port. Two femora from the new-born were secured and identical studies made on them; 
these form Group C. 


TABLE I 


A Comparison of Digbv’s Scale with Specimens Showing Extremes in 
Length and Percentage Growths from the Distal Epiphyseal Line of the Femur 


Specimen 

Number 

Diaplu'seal Length 
{Centimeters) 

Growth from Distal Epiphysis 
{Centimeters) {Per cent.) 

103 

45.5 

32 

70 

94 

34 

24 

70 5 

14 

43 5 

34.5 

79 

24 

37 

18.5 

50 

Digby’s 

Scale: 

16 inches 
(40 centimeters) 

11 inches 

(27.5 centimeters) 

69 per cent. 
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2. Mensuration. In making the measurements of the femora it was decided that 
aore exact data could be secured by making roentgenograms of the bones and measuring 
hem. This procedure was carried out by first passing a small needle along the nutrient 
anal into the medullary cavity, and fixing it with modeling clay. The entire femur was 
hen mounted on a cassette with clay so that roentgenograms could be made. In each 
lase it was fixed so that the raj^s would pass to. the canal at a right angle. 

Regular, ultra-speed film was used in making the roentgenograms. Exposures were 
nade at seventj-^-two inches, with seventy-five peak kilovolts, twenty milliamperes, for 
ifteen seconds. 

In determining the location of the nietaphj'^sis it was noted that after closure of the 
piphysis a suitable variation in density did not always appear to reveal the site of closure, 
fwo specimens in the group revealed epiphyseal lines which were nearly obliterated. 
I'rom these, points were found which were present in all of the specimens, and which 
bowed definitely the plane where metaphysis and epiphysis fused. 

It then became possible to measure the over-all length of the shaft and the distance 
letween Digbj'^’s “site of initial ossification” and the distal and proximal ends of the 
ihaft. 


EXPERIMENTAL DATA 

7roup A 

Forty-eight specimens were measured. The maximum length of diaphysis encoun- 
;ered was 45.5 centimeters (Specimen 103), and the minimum length was 34 centimeters 
^Specimen 94). The maximum growth from a distal epiphyseal line was 34.5 centimeters 
(Specimen 14), and the minimum growth from a similar structure was 18.5 centimeters 
(Specimen 24). The length of the shaft in the former (Specimen 14) was 43.5 centimeters, 
md in the latter (Specimen 24) 37 centimeters. As a result, the greatest individual 
growth from a distal epiphyseal line was 79 per cent., while the smallest percentage of 
growth was 50 per cent. (Table I). The remaining bones exhibited growth percentages 
ivhich fell between these extremes. 

After the percentage growth from the distal epiphyseal line in each femur had been 
5stablished, a percentage growth mean for the series could be computed. This figure was 
fl per cent. Yet it gave no indication of the variation from the mean. This latter figure 
is known as the Standard Deviation and is derived from the formula: 

SD = the sgi^^ ^^T^The^obse^^ 

' Number of observations 

In this series the Standard Deviation from the mean was ± 6.5 per cent. Therefore, 
the average percentage of growth to be expected from the distal epiph 3 '^seal line in a femur 
would be in the range between 64.5 per cent, and 77.5 per cent. 

Group B 

This group was composed of six femora e.xhibiting dual arterial suppb'. The method 
was the same as that used in Group A except that a needle was inserted into each arterial 
canal before the plates were made. 

A study of these films revealed that in four of the femora the expected intersection of 
the prolonged nutrient canals did not occur. Table II reveals the diaphyseal length in 
these bones and the distance from the distal metaphj'sis to each mcdullo-nutrient canal 
intersection. 

In the remaining two femora the arteries intersected. The measurements obtained 
and the resulting proposed percentage of growth from the distal epiphyses are shown in 
Table III. 
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TABLE II 

Measukemknts in Wmcii Artbriae Prolongations Did Not Intersect 


Specimen 

Number 

Diaphyseal Lengtli 
{Centimeters) 

Length from Distal Arteiy 
{Centimeters) 

Length from Proximal Artery 
{Centimeters) 

101 

38.5 

. 34 

29 

98 

40.5 

34.5 

29.5 

97 

39 

31 

25 

108 

42.5 

32 

25.5 


TABLE III 

Measureaients in Femora Whose Arterial Prolongations Intersected 


Specimen Diaplij'seal Lengtli Growth from Distal Epipliyseal Line 

Number {Centimeters) {Centimeters) {Per cent.) 

107 38.5 28.5 75 

99 43 31.5 73 


Group C 

Two new-born infant femora composed this group. One of these possessed a single 
nutrient artery. The other was found to have a dual arterial supply. 

Measurement of the first revealed the distance from the metaphysis to the medullo- 
nutrient artery point to be 6.5 centimeters. In the second case the prolongation of the 
nutrient arterial canals did not intersect in the medullary cavity. As a result, measure- 
ments were deemed unnecessary. 


DISCUSSION 

From the most casual evaluation of the above data it would seem obvious that the 
original premise is without foundation. Two facts seem evident; first, considering the 
method of measurement as postulated by Digby to be sound, there is too much variation 
around the mean, in a large series of cases, to warrant the use of an estimated percentage of 
growth froih a given epiphyseal line; second, the assumption that two nutrient arteries 
intersect in the medullaiy cavity at a point indicating the oldest part of the bone is false. 
This is clearly demonstrated by four of six adult femora which possessed dual arterial sup- 
ply; and is further substantiated by the fact that at birth these arteries do not of necessity 
intersect. Because of this, it is felt that the method outlined for estimating percentage of 
growth from a given epiphyseal line is unsound and the figures are unreliable. 


CONCLUSION 

1. The established method, or Digby’s method, of determining percentage of growth 
from a given epiphyseal line in a long bone (by comparing the diaphyseal length with the 
distance from the metaphysis to the intersection of the nutrient artery and the center of 
the medullary cavity) is unreliable and without foundation. 

2. The figures derived by the use of this method in estimating the percentage of 
growth from a given epiphyseal line are inaccurate. 
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ADHESIA'E CAPSULITIS OF THE SHOULDER 
A Study of the Pathological Findings in Periarthritis of the Shoulder * 

BY JULIUS S. NEVIASER, M.D., WASHINGTON, D. C. 

Periarthritis of the shoulder has long been familiar to orthopaedic surgeons. Other 
lames applied to this condition are “frozen shoulder”, “stiff and painful shoulder”, 
‘periarticular adhesions”, “tendinitis of the short rotators”, “adherent subacromial bur- 
iitis”, “scapulohumeral periarthritis”, and “Duplay’s disease”. The clinical picture is 
iharacterized by pain and limitation of motion in abduction, and in both internal and 
jxternal rotation. 

The consensus of opinion of most of the many writers on the subject maj'^ be summed 
ip in a few pertinent statements. The condition is regarded as a separate clinical entity. 
Little is known of its pathology, and exposure of the bursa in a few instances has revealed 
10 consistent abnormalit3L Motion was restored only after adhesions had been over- 
come. The adhesions were probablj’^ in the substance of the tendinocapsular structures. 

This study was undertaken with the hope that through surgical exploration of the 
shoulder joint some light could be thrown on the pathologj"^ of this condition. In ten such 
cases, the operative findings were noted, and some were recorded in motion pictures as 
well. In addition, sixty-three shoulders of thirty-six persons who died from various causes 
were exposed at autopsj’^, and specimens were taken for microscopic studjL 

With one exception, upon roentgenographic examination, the patients selected for 
operation showed no changes in and about the shoulder joint. The exception (Case 7 ) 
revealed a calcification in the short rotator cuff. All patients had pain with lim'tation of 
motion in abduction and in both internal and external rotation. Forward flexion and 
backward extension were painless and not limited. After the operation on the first pa- 
tient, oxygen was injected into both shoulder joints of the three subsequent cases, under 
local anaesthesia. This was done in an effort to determine whether or not oxygen would 
distend the capsule and show an air space around the head of the humerus in the normal 
shoulder. It was felt that an adherent capsule in the abnormal shoulder would prevent 
the entrance of much oxygen and thus would not reveal a distended capsule. (However, 
the tests were equivocal and v'ithout clinical value, and were subsequentlj"^ omitted.) 
The affected shoulders of these three patients were then explored by operation as in the 
other seven cases. 

At this point it might be well to review the anatomy of the normal shoulder joint. 
The articular capsule completely envelops the joint. It is remarkablj" loose, and this 
accounts for much of the free movement of this joint in all directions. The capsule is pro- 
longed downward in the form of a fold in the ordinaiy dependent position of the arm 
(Fig. 1 ). When the arm is abducted, this fold becomes obliterated and the capsule tense. 
Synovial membrane lines the fibrous layer of the capsule. It extends from the margins of 
the glenoid cavity over the inner surface of the capsule, and covers the lower part and 
sides of the anatomical neck of the humerus, where it is reflected toward the margin of the 
articular cartilage of the humeral head. It is important to remember that the inferior 
aspect of the humeral neck has the most extensive clothing of .s3movial membrane (Fig<. 

1 and 2 ). On all aspects, except the inferior, the capsular ligament is supported b3' mus- 
cles, the tendons of which are more or less intimately connected with it. This intimate 
union of the tendons of the supraspinatus, infraspinatus, teres minor, and subscapularis 
'muscles converts them into supporting ligaments of the joint. Tlie entire enveloping 
structure is general^' called the capsulotendinous or musculotendinous cuff of the shoulder. 

' * at tlie Anmial Meclhig of The .Amcriraii Academy of Ortliopaodic Surgeon?. Cliirago. IllinoR. 
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Fig. 1 

A vertical section through 
the shoulder joint, showing (A) 
the fold of capsule of the joint 
with the s3uiovial membrane 
lining its inner surface. 
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Fig. 2 

Capsule of shoulder joint, 
exposed by section of {A) 
tendon of subscapularis. B 
indicates line of incision in 
the capsule. 



A vertical section through 
the shoulder joint, showing the 
adhesion of {A) the reflected 
dependent part of the capsule. 


However, in this paper, when reference is made to the term capsule, it signifies the true 
articular structure, particularly the synovial lining and subsynovial tissue. 

The incision used for the exploratoiy arthrotomy was about ten centimeters long, 
following the line of separation between the deltoid and pectoralis major muscles. The. 
cephalic vein was retracted in a lateral direction, and the muscle fibers were separated by 
blunt dissection. The subacromial bursa showed no gross pathological changes. The 
coracobrachialis and short head of the biceps were retracted strongly in a medial direction. 
The fibers of the subscapularis were sepai*ated from the capsule close to their insertion by 
means of a pointed elevator, and then divided bj’- a vertical incision approximately 2.5 
centimeters long. This gave a satisfactory exposure of the anterior portion of the capsule. 
This was divided by an oblique incision about 1.25 centimeters from the attachment of the 
capsule to the anatomical neck (Fig. 2). Its length varied somewhat in the series; the 
average was 3.75 centimeters. 

An incision in the capsule, placed in this manner, normally opens into the joint with a 
consequent escape of synovial fluid. In all of the frozen shoulders, however, there was a 
conspicuous absence of synovial fluid and the redundant capsule, instead of showing the 
normal separation from the humeral head, was adherent to it. By means of a suitable 
elevator, the capsule could easily be separated from the cartilage. No bleeding could be 
detected during this procedure, thus indicating that the adhesion was not due to vascular 
bands. This adhesion was similar to that of adhesive plaster applied to the bare skin. 
The capsule could also be separated from the head by rotating the arm; in fact this was the 
method used in most of these cases. During manipulation, the head and the capsule, at 
first seemingly glued together, were separated after one or two rotational movements. 
Free rotation was then possible. It was evident that the capsule had been under tension, 
because the two cut edges retracted, leaving a gap of about two centimeters. The capsule 
was thicker than normal, as observed in cadaver experiments and in operations for recur- ^ 
rent dislocations. At the reflection of the capsule near the anatomical neck, a tearing 
apart of the adhesions binding the fold of the capsule was seen distinctly. During the 
abduction manoeuvre, it was possible to observe a space between the capsule and the^ 
humeral head. 

In most instances, after manipulation, the margins of the divided capsule retracted so 
much that they could not be sutured together without a great deal of tension. Therefore, ^ 
in closing, the capsular wound was never sutured. The patient was treated postopera- ^ 
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lively in the same manner as if a closed manipulation had been done. It should be empha- 
sized that tliis operative procedure is not offered as a treatment. It is merely described 
in detail to bring out the gross pathological findings. At operation, sections were taken 
from the bursa, capsule, and humeral head for microscopic study. 

The shoulders of ten patients suffering from “frozen shoulder” or “periarthritis 
of the shoulder” were explored at operation. Cultures taken from these joints were nega- 
tive. In nine cases, the capsule was contracted and closely adherent to the humeral head 
at its anterior inferior portion. Adhesions were discernible at the reflected fold of capsule 
distal to the anatomical neck (Fig. 3). In Case 8, the capsule did not snap free during the 
manipulation, as was true in the other nine cases, although initial inspection anteriorly 
revealed it to be tense. After manipulation, however, the capsule could' be picked up 
loosely from the articular cartilage. The cause of this difference could not be visualized 
through our operative incision. In Case 10, a tenosynovitis of the long head of the biceps 
tendon was observed. 

The sections of bursa and capsule taken from these shoulders revealed microscopic 
changes in either or both. Removal of sections of articular cartilage was discontinued, 
after four had shown a picture consistent with the usual degenerative changes from wear 
and tear. 


CASE STUDIES 

Case 1. P. F., colored female, fifty-six years old, came to the orthopaedic clinic at The Emergency 
Hospital complaining of pain in the left shoulder of two months’ duration. There was no history of injury. 
Pain was severe when attempts were made to use or to exercise the left arm, and became worse at night. 
Roentgenograms were negative. Shoulder motion was restricted in abduction, and in internal and external 
rotation. An arthrotomy of the left shoulder was performed on February 8, 1940. At operation, the capsule 
appeared to be hypertrophied and contracted over the head of the humerus. During manipulation of the 
arm, the capsule gradually became separated from the humeral head. 

Microscopic Findings: 

Bursa: Beginning hyalinization of the sjmovial villi was apparent. There was also fibrosis and cellular 
infiltration by mononuclear leukocjdes of the bursal wall. There was vascular dilatation of the blood vessels. 

Capsule: Synovial cells revealed no change. There was a fairly e.xtensive fibrosis and chronic inflamma- 
tion of the subsynovia manifested by infiltration of mononuclear leukocytes. Some perivascular infiltration 
was noted. 

Case 2. I. D., white male, sixty-three years old, came to the orthopaedic clinic at The George Washing- 
ton University Hospital, complaining of pain in the left shoulder of about three months’ duration. Pain had 
gradually increased, until the patient could not raise his arm or place his left hand behind him. The only 
history of injury was a fractured left arm suffered at the age of two years. Roentgenograms were negative. 
All motions were restricted, excej)t fonvard and backward flexion. O.xj'gen injection, as described before, 
gave no information. An arthrotomy of the left shoulder ivas performed on April 26, 1941. The capsule, 
which w’as contracted and firmly adherent to the anterior inferior portion of the humeral head, peeled away 
when the arm was manipulated. 

Microscopic Findings: 

Bursa: Vascular dilatation wdth a slight degree of fibrosis of the sjmovial lining was noted. The hyalini- 
zation of some of the villous folds (Fig. 4) suggested the possibility of a pre-existing bursitis. 

Capside: The synovial cells were normal. Tliere was vascular dilatation in the subsjmovia. 

Cartilage: Normal. 

Case 3. S. P., white male, fift 3 ’-six j-ears old, was seen in the orthopaedic clinic at The Emergency 
Hospital, complaining of pain in the right shoulder of three months duration. He described the pain as a 
dull ache, especiallj' upon movement of the .arm. Thirtj’-six j'ears before, he had broken his right forearm, 
but had had no trouble from this injurj-. Roentgenograms were negative. There was definite limitation of 
‘ motion in abduction and in external rotation, and internal rotation was also restricted. 0,x\*gen injection 
was of no value. At operation on April 2S, 1941, a thickened and adherent capsule w.as found. Upon 
manipulation, the capsule snapped off the humeral head, allowing complete freedom of motion. This ca.«c 
illustrated the contracture of the capsule and the adhesions so well that the decirion w.as made to take motion 
pictures of subsequent c.ascs. 
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Case 2. Pliotomicrograph ( X 100) shows (a) hyalinization of some of the villous folds and (b) vascu- 
lar dilatation of the bursa. 

Microscopic Findmgs: 

Bursa: The bursa was inflamed. Attached directly to the synovial surface was a veil-like mass of fibrin 
in the meshes of which were moderate numbers of mononuclear leukorytes (Fig. 5-A). There was prolifera- 
tion of the synovial cells. Perivascular round-cell infiltration of the blood vessels was noted. It was de- 
cided that chronic bursitis was probably responsible for the patient’s condition. 

Capsule: Here too was a definite inflammatory response. There was a moderate degree of perivascular 
infiltration with lymphocytes. Cystic degeneration or oedema was noted in the subsynovia (Fig. 5-B). 
There was no synovial lining in the section. 

Carlilaqe: Cystic degeneuation. 

Case 4. M. 0., white female, fift 3 ^-eight years old, was seen at the orthopaedic clinic of The George 
Washington Univeisity Hospital, complaining of pain in the right shoulder. Eight montlw previously she 
had had a severe infection in the index finger of the right hand, which had cleared up after several weeks of 
treatment. The patient was a diabetic. Four months later she had begun to have pain on motion in the 
light shoulder, which became progressive!}’’ worae. Three weeks befoie examination, the pain had become ■ 
quite severe, and she had started to have definite limitation of motion. Roentgenograms weie negative. 
Oxygen injection was valueless. Motions were definitely limited in abduction, and in external and internal 
rotation. An arthrotomy was performed on June 30, 1941. A thickened and adherent capsule was found. 
During the manipulation, the capsule peeled away from the humeral head. Motion pictuics weie made 
of this case. 

Microscopic Findings: 

Bursa: Showed a slight increase in the blood vessels in the synovia. 

Capsule: There was no synovial lining in the section. There was a moderate fibrosis of the subsynovia, 
a slight degeneration of the collagen, and a focal area of c.alcification (Fig. 6). 

Cartilage: Theie was consider.able fibiillation of the hyaline cartilage indicating degeneration. 
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Fig. 5-A 


Case 3, Photomicrograph (XlOO) shows (a) proliferation of the sjTio\ial cells of the bursa. At- 
tached directly to the sj'no\’ial surface (h) there is a veil-like mass of fibrin in the meshes of wliich are 
moderate numbers of (c) mononuclear leukocytes. 
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Case 4. Photomicrograph (X80) of capsule showing (a) fibrosis of subsynovia, (b) slight~de- 
generation of collagen, and (c) a focal area of calcification. 


Case 5. L. L., \vhite male, sixty-one years old, seen at the orthopaedic clinic of The George Washington 
University Hospital, complained of pain in tlie left sljouJder of si.v months’ duration. Onset of pain in both 
shoulders was gradual, but after tw'o w'eeks, pain disappeared in the right shoulder and persisted in the left 
shoulder. Pain had been worse during the last two weeks. Roentgenograms revealed no changes in the 
shoulder joint. Although abduction and external rotation were limited, internal rotation was particularly 
restricted. Operation w'as performed on May 7, 1942. During the manipulation, the capsule quickly sepa- 
rated away from the head of the humerus with a tearing apart of the synovial folds. Findings w'ere recorded 
by kodachroraes. 

Microscopic Findirufs: 

Bursa: There w^as slight proliferation of synovial cells, and fibrosis and chronic inflammation in the 
suksynovia. ^ 

Capsule: There was a slight proliferation of the lining synovial cells of the capsule, as well as a few scat- 
tered cells, mostly lymphocytes, about the vessels in the subsynovia. 

Cartilage: There was a slight degree of degeneration of the hyaline cartilage. 

Case 6. M. S., white female, forty-six years old, complained of pain in the left shoulder and inability 
to use her left arm freely. Pain had been present for five months, and had become so severe that the patient 
had to walk the floor at night. She had undergone chiropractic treatments wnthout relief. There was the 
usual restriction of motion, with abduction of 45 degrees, and she was unable to touch the left buttock with 
her left hand. Roentgenograms ^vere negative. Motion pictures w^ore taken of the operation on June 15, 
1942. The thickened contracted capsule quickl 3 >- peeled off the articular cartilage during the manipulation. 

Microscopic Findings: 

Bursa: There %vere a few lymphocytes in the w^all of the bursa, and a slight proliferation of the synovial 
cells. 

Capsule: The synovial capsule was essentially normal. 

Case 7. D. D., white female, thirty-three years old, complained of pain in the right shoulder of five 
years’ duration. She had been told that she had a calcified subdeltoid bursa. She had had episodes of pain 
during that time, and had been treated by diathermy, x-ray, and aspiration wdth temporary relief. She was 
seen by Commander Robert Mazet on May 5, 1942, who noted pain but a good range of motion. Roentgeno- 
grams taken on May 8 revealed a large calcified bursa in the right shoulder. IWien seen again on July 6, she , 
had extreme pain and practically no range of motion e.xcept fonvard and backiwird fle.xion. The operation 


THE JOUnXAL OF BONE AXD JOl.VT SUnOEIlY 



ADHESIVE CAPSULITIS OP THE SHOULDER 


217 


was performed on July 10, 1942, by Captain Hook and Commander Mazet (this case W'as presented through 
their courtesy). After the subdeltoid bursa had been exposed and the calcified material allowed to escape, 
the shoulder still remained restricted in motion. After the incised adherent capsule had been manipulated, 
it suddenly snapped away from the head of the humerus, allowing it to become free, with full range of motion 
in the shoulder. 

Microscopic Findings: 

Bursa: There was a moderate amount of fibrosis and chronic inflammation of the bursal wall, charac- 
terized by the presence of mononuclear leukocytes. 

Capsrde: There was one small area of calcification in the subsynovia. There was no s 3 movial lining in 
the section. 

Case 8. T. K., white male, fifty-two years old, examined for pain in the left shoulder of six months’ 
duration. He attributed the trouble to “exposure to draft”. Pain had been worse in the last month, and 
he could not use the arm freely. There was no history of injury. He had not received treatment. Active 
abduction w'as limited to GO degrees. Internal and external rotation were also limited. Roentgenograms 
revealed no changes in the left shoulder. The shoulder was exposed on August 24, 1942. In this instance, 
the adherent capsule did not snap free or peel off the humeral head during the manipulation, but after this 
procedure it became loose and could be easily raised from the articular cartilage by a forceps. It is believed 
that the adhesions in this case were probably so situated that it was impossible for the surgeon to visualize 
them. 

Microscopic Findings: 

Bursa: The bursa showed no alteration of importance. 

Capsule: There w'as no synovial lining in the section. There was considerable fibrosis and degeneration 
of the collagen of the subsynovia (Fig. 7). 

Case 9. D. C., white female, was forty-seven years old. Three months before the examination, the 
patient had had trouble with her left arm, with a gradual onset of slight pain in the shoulder, which became 
quite severe at night. Active abduction was limited to 70 degrees. External rotation w'as more restricted 
than internal rotation. Roentgenograms revealed no evidence of any bone or joint changes in the left shoul- 
der. An arthrotomy was performed on the left shoulder on October 19, 1942. During manipulation of the 
shoulder, the contracted capsule peeled off the head of the humerus, allowing the arm complete range of 
motion. 



Fig. 7 

Case 8. Photomicrograph (XSO) of capsule shows (<i) degeneration of collagen of the sub«jTiovia 
and (6) vascular dilatation and perivascular infiltration. 
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Microscopic Findings; 

Btirsai Theie was no evident change in the bursa. 

Capsule: Theie was model ate fibiosis and considerable perivascular lymphocytic infiltration (Figs 
8- A and 8-B). 



Fig. 8-A 

Case 9 Photomicrogiaph (XSO) shows {a) penvasculai lymphocytic infiltration in the capsule. 
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Fig. 8-B 

Case 9. Photomicrogiaph (XSO) of another section of capsule shoving (a) peiivasculai Ij'in- 
phocytic infiltiation. 
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Case 10. D. L., white male, forty-five years old, had fallen from a ladder injuring his left shoulder 
seven weeks before admission. Roentgenograms were negative. He had been treated by diathermy and 
ordered to rest. His arm was in a sling for about two weeks- With active motion, the arm pained him so 
that it kept him awake at night. Aetive abduction was 90 degrees. External rotation was limited to about 
30 degrees. Internal rotation was restricted so that the left hand touched back just above the belt line. 
Fonvard flexion and backward extension were good. Operation was performed on the left shoulder on 
August 9, 1943. A tenosj-novitis of the long head of the biceps tendon was obser\Td. The incision showed 
the capsule so contracted and tightly adherent to the humeral head that it was difficult to insert a flat instru- 
ment between it and the head of the humerus. After manipulation, when the capsule snapped free and the 
3}uo\'ial folds tore apart, this was easily accomplished. 

Microscopic Findings: 

Bnrsa: No abnormal changes were noted. 

Capsule: Chronic inflammatory changes were manifested by infiltration of mononuclear leukocytes, and 
the presence of granulation tissue. There was absence of s 3 movial cells. 


SUMMARY 

Bursa: There were vaiying degrees of inflammation of the bursa in seven of the ten 
cases examined. 

Capsule: The synovial lining in the ten cases examined (Table 1) did not present a 
continuous layer of cells in all sections. In four instances the cells which were present 

TABLE I 


Pathological Description op Tissues Taken from Patients with “Frozen Shoulders” 


Sjmovia (Capsule) 

1 

Bursa 


Cartilage 

SjTiovial 

Cells 

Subsynovia • 

Blood 

Vessels 

Sjmovja 

Subsyuovia 

Blood 

Vessels 

Negative 

Fibrosis and 
chronic in- 
flammation 

Perivascular 

infiltration 

Beginning 
hyalinization 
of villi 

Fibrosis and 
chronic in- 
flammation 

Vascular 

dilatation 


Negative 

Vascular 

dilatation 

Altered to 
simulate 
granulation 
tissue 

Fibrinoid 

necrosis 

Negative 

Increase in 
thin-walled 
blood ves- 
sels. 

Negative 

— 

Cj'stic 

Perivascular 

Proliferation 

Extensive 

Perivascular 

Cystic 


degeneration 

infiltration 

and fibrin 

inflamma- 

tion 

round-cell 

infiltration 

degener- 

ation 


Calcification. 
Fibrosis. 
Degeneration 
of collagen 

Slight peri- 
vascular 
infiltration 

Slight increase 
in blood 
vessels 

Negative 

1 

Negative 

Fibrillation 

Slight 

proliferation 

Negative 

Perivascular 

infiltration 

Slight 

proliferation 

Fibrosis and 
chronic in- 
flammation 

Negative 

Slight 

degener- 

ation 

Negative 

Negative 

Negative 

Slight 

proliferation 

A few 

lymphocjTes 

Negative 



Calcification 

Negative 

Negative 

Fibrosis and 
chronic in- 
flammation 

Negative 



Fibrosis and 
degeneration 
of collagen 

Dilatation 
and peri- 
vascular 
infiltration 

Negative 

Negative 

i 

Negative 


Negative 

Fibrosis 

Periva.«cular 

infiltration 

Negative 

Negative 

Negative | 



Chronic in- 
flammation 

Altered to 
form gran- 
ulation 
tissue 

Negative 

1 

Negative 

Negative 



indicates absence of sjmovial cells. 
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TABLE II 


Analysis of Autopsy Cases Which Revealed Adherent Capsules 


Case and 
Number 

‘ 

C. K. 
57789 

Both shoulder capsules were contracted when removed. They were firmly adherent to tin 
articular cartilage. The reflected folds were adherent. 

Microscopic changes consisting of fibrinoid necrosis and lymphocytic infiltration were seei 
only in left capsule. 

C. M. 

57800 

Nothing was found either on gross or microscopic examination of right shoulder capsule. 

In left shoulder a large adhesive band was found anteriorly close to the anatomical neck 
Fibrosis was noted in subsynovial layer. 

C. B. 

1 

Right shoulder capsule was adherent. Slight proliferation of synovial cells and fibrosis wa: 
noted in subsynovial la}^er. 

C. E. 

57829 

Both capsules were contracted and adherent to the humeral head. Proliferation of synovia 
cells was noted. 

L. P. 
57835 

Capsules were quite adherent throughout in both shoulders. Reflected folds were slightly 
adherent. No microscopic changes were noted in right capsule, but inflammation was ob 
served in left capsule. 

C. S. 
57671 

Both capsules were contracted and firmly adherent over articular cartilage and difllcult t( 
remove. 

Patient had chronic arthritis but gave no history of shoulder pains. No gross arthriti 
changes were noted in the shoulder joint. 

Fibrosis and degeneration of collagen were noted in both capsules. 


appeared normal; in one instance they showed evidences of proliferation; and in the fiv( 
remaining cases no synovial cells were found. In these five cases it is probable that th( 
synovial cells, which were originally present, had been destroyed in the formative stages 
of the process or during manipulation at the time of operation. 

In the subsynovial layer there was fibrosis and degeneration of the collagen in twc 
instances, calcification in two, and chronic inflammation characterized by fibrosis anc 
perivascular infiltration in six instances. 

The blood vessels were essentially normal. 

Elastic-tissue stains were also made of all sections, but they did not reveal any signifi- 
cant change in the collagen. 

Hyaline Cartilage: There was a moderate amount of degeneration in three or four cases 
examined. These changes might well be within normal limits. 

In all ten cases there were changes demonstrated in either the capsule or the bursa oi 
both. The microscopic sections revealed a nearly consistent pathological picture oi 
reparative inflammatory changes, which consisted of degeneration, vascular repair, cuffing 
of the blood vessels, and mononuclear cells to a lesser or greater degree. 

DISCUSSION OF THE AUTOPSY CASES 

The synovial capsules from both shoulder joints of twenty-seven patients who had 
died from various causes, and one shoulder from nine additional patients, were examined, 
making a total of sixty-three shoulders. The youngest were stillbirths and the eldest was 
eighty-seven years of age, the average age being forty-four and six-tenths imars. Theie 
were no demonstrable differences between the right and the left side. Elastic-tissue 
stains were of no value. 

There was fibrosis of the subsynovia, calcification, focal degeneration of the collagen, 
or a slight amount of chronic inflammation in fourteen of sixty-three shoulders (22.2 per 
cent.). It is of interest to note (Table II) that in eight of the fourteen shoulders which 
showed microscopic changes, the capsule ivas contracted and closely adherent to the 
humeral head. This would leave only six shoulders (9.5 per cent.) which showed micro- 
scopic changes in the capsule, but revealed no gross changes. 
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One of the sLx remaining shoulders (J. M., No. 57391) showed an acute inflammatory 
process, characterized bj’’ an infiltration of polymorphonuclear leukocytes in addition to a 
more diffuse chronic process, consisting of an infiltration of small mononuclear leukocytes 
distributed chiefly around blood vessels. This acute inflammatory reaction is not part of 
the pathological entity which forms the basis of this paper. Interestingly enough, the 
capsule was not contracted or adherent at the time of its removal. , 

! 

CONCLUSIONS \ 

\ 

This study of “frozen shoulder” was undertaken to clarif 3 '’ the patholog}’’, and is not 
offered as a method of treatment. The results demonstrate that the lesion is not a peri- 
arthritis, but the essential pathologj'^ is a thickening and contraction of the capsule 
which becomes adherent to the humeral head. Microscopic sections confirm the presence 
of reparative inflammatory changes in the capsule. In some cases, there are also similar 
changes in the wall of the subacromial bursa. During manipulation of a “frozen shoul- 
der” under anaesthesia, the capsule is separated from the head in much the same wa}'- that 
adhesive plaster can be torn awaj"^ from the bare skin. Once this separation has occurred, 
motion of the head vdthin the joint is free. 

The term “ adhesive capsulitis ” is suggested as descriptive of the pathology of “frozen 
shoulder”. 

Note: The author is greatly indebted to Colonel J. E. Ash, Lieutenant Colonel D. Murraj"^ Ange\nne, 
and Major Alfred Golden of the Armj’ Medical Museum for their kind cooperation, their complete review of 
the pathological material, and their many helpful suggestions. 

REFERENCES 

Bosworth, D. M.: An Analysis of Twenty-Eight Consecutive Cases of Incapacitating Shoulder Lesions, 
Radicalb’ Explored and Repaired. J. Bone and Joint Surg., XXII, 369, Apr. 1940. 

Calcium Deposits in the Shoulder and Subacromial Bursitis. A Survej’ of 12,122 Shoul- 
ders. J. Am. Med. Assn., CXVI, 2477, 1941. 

Brailsford, James: Radiographic Findings in 347 Painful Shoulders. British Med. J., I, 290, 1929. 
Brickner, W. M.: Prevalent Fallacies Concerning Subacromial Bursitis. Its Pathogenesis and Rational 
Operative Treatment. Am. J. Med. Sciences, CXLIX, 351, 1915. 

Pain in the Arm. Subdeltoid (Subacromial) Bursitis. J. Am. Med. Assn., LXIX, 1237, 

1917. 

Canigiaki, T.: Zur Diagnose und Rontgentherapie der Periarthritis humeroscapularis. Med. Klin., 
XXXII, 1211, 1936. 

Garnett, J. B., and Case, E. A.: A Clinical and Pathological Discussion of So-called Subacromial Bursitis. 

Surg. Clin. North America, IX, 1107, 1929. 

Cleveland, Mather: Shoulder Pain. Am. J. Surg., VIII, 783, 1930. 

CoDMAN, E. A.: The Shoulder. Rupture of the Supraspinatus Tendon and Other Lesions in or about the 
Subacromial Bursa. Privately printed, Boston, 1934. 

Rupture of the Supraspinatous — 1834 to 1934. J. Bone and Joint Surg., XIX, 643, 

July 1937. 

CojtROE, B. I.: The Painful Shoulder. In Arthritis and AlUed Conditions. Philadelphia, Lea and Febiger, 
1940. 

Dickson, J. A., and Crosby, E. H.: Periarthritis of the Shoulder. An Anab’sis of Two Hundred Cases. 
J. Am. Med. Assn., CIC, 2252, 1932. 

Ellis, V. H.; McFarland, B. L.; and Wilson, P. D.: The Painful Shoulder. (Discussion.) Lancet, II, 
743, 1939. 

Glatthaab, Erich: Zur Pathologie der Periarthritis humeroscapularis. Deutsche Ztschr. f. Chir., CCLI, 
414, 1938. 

Harbin, Maxwell: Deposition of Calcium Salts in the Tendon of the Supraspinatous Muscle. .4rch. 
Surg., XVIH, 1491, 1929. 

Hitzrot, James: The Painful Shoulder. Minnesota Med., XI, 148, 1928. 

Kendrick, J. I.: Physical Therapy Principles of Periarthritis of the Shoulder. .4rch. Phys. Therapy, XXI, 
44, 1940. 

Keyes, E. L.; Anatomical Observation on Senile Changes in the Shoulder. J. Bone and Joint Surg., X\TI, 
953, Oct. 1935. 


VOL. XXVH. NO. 2. APRIL 1045 



222 


J, S, NEVIASER 


King, Jennings, Jr., and Holmes, George: The Diagnosis and Treatment of Four Hundred and Fift; 

Painful Shoulders. J. Am. Med. Assn., LXXXIX, 1956, 1927. 

Leriche, Rene, et Jeng, Adolphe: Les calcifications sous-deltoidiennes de I’dpaule. Rev. d’Orthop 
XX, 289, 1933. 

McKenna, D. E.: Tendinitis of the Shoulder. Med. Times, New York, LXVIII, 259, 1940. 

Morlaas, j. : Origine centrale possible d’un syndrome algique du type periarthrite de I’dpaule. Rev. d 
, Rhumatisme, VI, 565, 1939. 

Moseley, H. F.: Shoulder Pain. Canadian Med. Assn. J., XLVI, 361, 1942. 

Pasteur, F. : Sur une forme nouvelle de p6riarthralgie et d’ankylose de l’6paule et leur traitement. J. d 
Radiol, et d’Electrol., XVIII, 327, 1934. 

Perkins, George: The Painful Shoulder. Med. Brief, St. Louis, LVII, 219, 1929. 

Perkins, G.; Todd, A.; and Mercer, A.: Discussion on the Painful Shoulder. Proc. Roy. Soc. Med 
XXII, 548, 1929. 

Reich, Rudolph S.: Extra-Articular Disabilities of the Shoulder Joint. Ohio State Med. J., XXXI] 
946, 1936. 

Rookmaker, H. E. : Periarthritis humero-scapularis. Nederlandsch Tijdschr, v. Geneesk., LXXXIIl 
494, 1939. 

ScHAER, Hans: Tendinitis und Pseudobursitis calcarea — nicht: Bursitis subdeltoidea calcarea. Zentralbl. i 
Chir., LXVI, 1126, 1939. 

Schwartz, A.: Pdriarthrite scapulo-humdrale. Mdm. Acad, de Chir., LXVI, 120, 1940. 

Solomon, W. M., and Morton, J. L.: Periarthritis of the Shoulder. Comparison of Results Obtained b; 

Physical Therapy and by Roentgen Therapy. Arch. Phys. Therapy, XXII, 607, 1941. 

Steindler, a.: Lesions about the Shoulder Joint. Northwest Med., XL, 3, 1941. 

Szubinski, a.: Zur Arbeit iiber die anatomische Lokalisation des Schulterschmerzes u.s.w. von Prof. J 
Dollinger in diesem Zbl. 1932, Nr. 10. Zentralbl. f. Chir., LIX, 1638, 1932. " 

Willis, G. R.: La pdriarthrite dite rhumatismale de I’dpaule. These de Paris, No. 458, 1933. 

Wilson, P. D.: The Painful Shoulder. British Med. J., II, 1261, 1939. 


THE JOURNAL OF BONE AND JOINT SURGERY 



RESULTS OF MODERN METHODS OF TREATMENT OF 
POLIOMYELITIS * 

BY ROBERT W. JOHNSON, JR., M.D., B.\LTIMORE, MARYLAND 


A reappraisal and a report of our successful, although unspectacular, treatment of 
poliomyelitis patients at the Children’s Hospital School, and elsewhere in Baltimore, may 
prove helpful and enlightening to orthopaedic surgeons in other sections. The accurate 
and consistent records which we are fortunate in having make such a report possible. At 
the 1942 meeting of the Association in Baltimore, Dr. Raymond Lenhard '■ presented in 
considerable detail the complete figures on the cases treated between 1932 and 1938. The 
figures presented herewith include onlj”^ the cases from the 1941 epidemic. 

Our figures are presented for e.vactly what I think they are worth — interesting in- 
formation — and I wish to state frankly that while I think our results are encouraging and 
satisfactorj"^, thej’^ cannot be regarded as a primary justification of our regimen. I have 
confidence in our treatment because it is based on the sound foundation of the accredited 
pathology of the disease, and a reasonable conception of the pathological physiology of 
denervated muscle, its maintenance while paralyzed or weakened, the bone and joint 
physiology secondary to paralj'^sis, and circulatory and nutritional factors. 

In treating our patients, we try always to keep in mind the important general objec- 
tive as well as the local one. We try to treat the individual person, not just an isolated 
extremity. For that reason the much advertized problem of “ alienation ” has never been 
a serious one for us. The training of the patient as well as his muscles are of almost equal 
importance. Briefly, our methods are as follows: 

In the Acute Stage 

1. Bed rest in a darkened room with complete quiet is important. Sedation is 
indicated for general restlessness or for pain. 

2. Encouragement and reassurance are essential, not onlj"^ for the patients them- 
selves, but also for their families. 

3. Protection in the form of half-shell plaster molds or “ Toronto ’’-type splints 
should be provided for paralyzed, weakened, or tender extremities in positions of i-elaxa- 
tion. In this way, ph3'^3iological rest is assured for the affected muscles. 

4. Frequent checks are made of muscle power within reasonable limits, to determine 
progress of the disease in the earlj'^ daj's, and the results are charted. Hj’^peraesthesia or 
muscle tenderness is also checked and noted. Except in the encephalitic type, we have 
not had clinical evidence of spasticity in the paralyzed extremities. Stiff necks and backs 
are usual in the earlj'^ da 3 ^s, but the 3 ’^ tend to disappear spontaneousl 3 L 

5. Radiant heat is administered intermittent^ as a painless stimulant to local 
circulation. 


In the Convalescent Period 

6. Gentle massage is administered to the paral 3 '^zed or weakened groups, and is in- 
creased slowL”^ in depth and force as soon as lypersensitivity permits. 

7. Passive motion within a limited arc is begun in joints where muscle power is 
below 50 per cent., and active motion is started in an increasing range, as the muscles 
grow in strength. 

8. Graduated exercises are given for weakened muscles, in proportion to their ahil- 
it 3 ', after a careful check has been made of their power. This requires skilled ph 3 -.sio- 


1944. 
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TABLE I 

Results Obtained — 1941 Series 


Number and Percentage of Muscles Attaining Final Grade of 80 Per cent, or More 


First Examination 
Grade * 

Total Number of 
Muscles Graded 

Numbci 
80 Per cent. 

r Attaining G 
90 Per cent. 

Irade of 

100 Per cent. 

Total Attaining 

80 Per cent, or More 

0 

1 

64 

0 

0 

0 

Number 

0 

Per eenl. 

0 

5 

34 

2 

0 

1 

3 

9 

10 

34 

• 2 

0 

5 

7 

21 

20 

29 

8 

4 

5 

17 

59 

30 

50 

3 

3 

23 

29 

58 

40 

52 

4 

4 

33 

41 

79 

50 

29 

0 

8 

19 

27 

93 

60 

74 

3 

5 

63 

71 

96 

70 

50 

0 

4 

45 

49 

98 

80 

40 

0 

0 

39 

39 

98 

Totals 

456 

22 

28 

233 

283 

62 


* Based on Key to Muscle Grading (Table I)‘. Briefly, the grades show the degree of restoration of 
function in paralyzed muscle groups, as achieved during interval examinations referred to in the text. The 
lowest grade or zero is given to muscles with no contraction, and intermediate grades up to 80 are given as 
function increases. 

therapists with knowledge of physiological anatomy, and a quick sense of appreciation of 
the fatigue which comes so suddenly in partially recovered muscles. We are fortunate at 
the Children’s Hospital School, for our staff is directed and has been trained by Mr. H. 0. 
Kendall. He has an uncanny appreciation of muscle power and muscle fatigue, and a 
wonderful ability to impart his skill to othei-s. 

9. Education of the patients begins at once by getting their help in our program of 
protection and development. Those who seem destined to have some inescapable dis- 

TABLE II 


Co Jtp ARISON Between Earlier Series and 1941 Group 


First Examination 

Grade 

Percentage Attaining SO Per cent, or Better 

Late Group 

1932-1939 
(Per cent.) 

1941 

{Per cent.) 

1932-1938 
{Per ccitt.) 


4 

0 

2 


(Not included) 

9 

0 


42 

21 

0 


50 

59 

5.5 


82 

58 

16 


80 

79 

22 


86 

93 

30 

60 

90 

96 

14 


96 

98 

52 


100 

98 

84 


701 muscles 

456 muscles 

103 muscles 





Average over-ail improvement to 80 

56.6 per cent. 

62 per cent. 

15 per cent. 


r - 
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TABLE III 


Comparison of Results in the Three Groups of Patients 


f 

Group 

Number of Muscles Tested 

Muscles with 20 Per cent, or 
More Recovery 



Number 

Per cent. 

Group I, Leuhard 

(Earlj' and adequate treatment) 

701 

578 

82.4 

Group II, Lenliard 

(.Adequate treatment started five montlis 
to eighteen j^ears after onset) 

315 

103 

32.7 

1941 Group 

(Early and adequate treatment) 

456 

358 

78.7 


abilit 5 ’^ are turned from invalidism and self-pity toward a healthy attitude of adaptabil- 
ity and compensation. In the wards, the children help one another to achieve this end, 
and are helpfully guided by staff members. It is an interesting fact that ward patients 
do much better in this respect than those patients in private rooms. Even the most seri- 
ously paralyzed patients improve in a more or less normal atmosphere until basic psycho- 
logical adjustments can be attained. 

10. Later we use underwater exercise in pools, but it is a difficult medium to use in 
early cases, as control of patient and affected part is less accurate, and, therefore, the 
danger of overfatigue is greater. 

11. Our records are kept faithfully and accurately by Mr. and Mrs. Kendall, and 
the factor of error is less than 5 per cent, on repeated tests. It is on the basis of these 
charts of checks, made at least monthly during the first three months, and at least every 
three months during the first year, and twice a year thereafter, that our figures and con- 
clusions are based. 

One positive benefit from a crusade of the Sister Kenny type is that it makes us re- 
examine our own therapeutic procedures to find out if time, fashion, or carelessness have 
led us astray in any particular. So far we have remained unimpressed by the claims of 
superiority of the Sister Kenny treatment. 

Certain fundamental facts about poliomyelitis should be stressed: 

1 . Patients are not cured ; they recover, and we assist in the recovery. 

2. It is more important for a badly paralyzed patient to recover to 80 or 90 per cent, 
of normal, than for a slightly weakened patient to make a complete recover 3 ''. Therefore, 


TABLE IV 

Muscles Recovering Up to 30 Per cent. After a Convalescence Period of Three Months, and 
60 Per cent, or Better After Twelto Months 


First Examination 
Grade 

Number of Muscles 

Number Attaining 60 Per cent, 
or Better 

Percentage of 
Functional Recovery 

0 

17 

0 

0 

5 

16 

5 

31.3 

10 

17 

7 

41.2 

20 

20 

15 

75 

Total 1 

70 

27 

38. C 
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our figures are not rated in case units, for in this way misleading statistics may be producec 
3. The proper unit is the weakened or paralyzed muscle itself, and recovery : 
judged on final muscle power as compared with the original degreq of paralysis. Eac 
muscle s record in each case is kept separately, and analyses and comparisons can be mad 
with these definite units without the introduction of variables. In this way, can be d( 
termined the overall percentage of I’ecovery, the recovery of the upper as compared to th 
lower extremity, the recovery of trunk and abdominal muscles, the rate of recovery, th 
effect of use, exercise, and other factors on recoveiy, and the prognosis for individuE 
muscle recovery. 

Inasmuch as these records provide us with almost astronomical figures, as they in 
volve more than 100,000 checks on muscles, we have selected for this analysis ten com 
monly parab^zed and very important muscles: gluteus maximus, gluteus medius, quadri 
ceps, hamstrings, gastrocnemius, tibialis anterior, deltoid, biceps humeri, triceps bracliii 
and opponens pollicis. 

The figures shown in Tables I, II, III, and IV represent an epidemic in which th( 
cases were conservatively treated, as outlined above, and include sixty-four patients o 
both sexes and vai'ious ages. The pai-alj'^zed muscle units reported total 456, 350 in tin 
lower extremity, and 106 in the upper extremit 3 ^ 

The author’s work has been chiefly an elaboration and confirmation of Dr. Lenhard’s 
In our analyses, a period of ten years has been covered, so it may be considered fairl} 
representative of poliomyelitis in our section of the countiy. 

CONCLUSIONS 

1. All muscles, even in a widespread, complete paralysis of entire extremities 
should have three months of careful and painstaking protection and treatment comparabh 
to that given in peripheral-nerve lesions. 

2. At the end of such a three months’ regimen, a veiy accurate prognosis of recoverj 
can be arrived at, for the muscles can then be differentiated into three categories; 

a. Those which have not recovered to a point of 30 per cent, of power in three 
months. No return of useful power is to be expected; and these make up the grouf 
of the permanently paralyzed extremities. 

b. Those which by this time have 80 per cent, or more power, and can be 
counted on to function satisfactorily without any further treatment except genera) 
supervision. 

c. The group which has demonstrated some return of power and has a three- 
month level of 30 to 75 per cent. These have potentiality for further recoveiy to a 
point where useful function can be restored. These cases are the crucially important 
ones as far as further active treatment is concerned, and every effort should continue 
to be expended on this group to build up poAver and develop lij'-pertroply'- of the active 
muscle tissue persisting, and to protect these patients against overfatigue and postural 
strain during at least the next year. 

3. . No appreciable recoA'-ery continues bej'-ond eighteen months, eAmn under ideal 
conditions, but untreated or inadequately treated cases haAm been salvaged by this regimen 
as late as six to ten years after the acute attack, indicating a previous nerA'-e recoveiy 
AAdiich had been masked or nullified by the overstretching or overfatigue of the muscle or 
by opposing contracture. 

4. On occasions aa^c haA^e obserAmd loss of poAA^er in muscles of our OAAm cases from 
overfatigue and too earl3^ remoAml of support, AAUth permanent damage in some few in- 
stances, again demonstrating the need for careful supervision during recovery. 

1. LenharDjR.E.: The Results of Poliomyelitis in Baltimore. J.Bone and Joint Surg., XXV, 132, Jan. 1943. 
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BULLET FRACTURES OF THE LONG BONES 


BY MAJOR HIRA E. BRANCH 
Medical Corps, Army of the United States 

Bullet fractures of the long bones require more careful treatment than anj'- other 
serious fracture. The purpose of this article is to emphasize the importance of conserva- 
tism in the debridement and management of such fractures. 

The term “bullet fracture” is used to denote a compound shattering of a long bone 
(Figs. 6-A, 6-B). While anj’’ sudden severe injuiy ma 5 ’- result in a fracture of this type 
(Figs. 3-A, 3-B), a bullet or a fragment of metal casing from an explosive missile is the usual 
cause. The fracture resulting from a direct hit by a high-velocity bullet is typical, and is 
characterized by multiple small fragments of bone in a compound wound. 

The Office of the Surgeon General has outlined the principles of wound treatment in 
Circular Letter Number 178, dated October 23, 1943: 


“1. Adequate exposure in order to permit access to all parts of the wound. . . . Verj' little skin need be 
excised, but good exqjosure may necessitate longitudinal incision of the skin and the fascia planes. 

2. Removal of: 

a. Readily accessible foreign bodies. . . . 

b. Particles of bone completely separated from the periosteum. 

c. Tissue that is soiled, devitalized, or the circulation of which is impaired. . . . 


3. Leave wound open. 

4. Dressing should be placed 
loosely in the wound, not packed. 

5. In large wounds, immobi- 
lize the part by adequate splinting, 
even in the absence of fractures.” 

Three of these principles 
are of particular importance: 

( 1) removal of only those bony 
fragments which are completely 
separated from the periosteum; 

(2) placing of dressings loosely 
in the wound ; (3) complete and 
prolonged immobilization. 

The utmost caution should 
be observed in the debride- 
ment of buUet-fracture wounds. 
Loose and completely detached 
particles of bone should be 
removed, but bony fragments 
with periosteal and soft-tissue 
attachment should be left un- 
disturbed, so that they may 
act as struts or live bone grafts 
for the restoration of the shaft 
of the bone. The result is a 
tremendous saving in time and 
function, and often of the 
limb itself. Fragments at- 



Fig. 1 


Bullet fracture of femur c-iused by forty-five caIii>or revolver 
bullet. Roentgenogram taken after six weeks, when mnnipulation 
was attempted to correct posterior boiving. Fracture was so solid 
correction n-as not obtained. There was no deep drainage from tlie 
two granulating wounds. 
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Fig. 2-A 

Bullet fracture of femur caused when soldier’s motorcycle collided head on 'with truck during a blackout. 


Fig. 2-B 

Show's solid healing of fractured femur after ten months. Patient has been w'alking in a caliper brace 
for one month. Anterior bone fragment projected into the quadriceps, and has been removed to facili- 
tate quadriceps and knee motion. 
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tached to the periosteum rapidly set up a barrier to infection, whereas removal of the 
fragments, instead of preventing or arresting deep infection, creates a dead space in which 


Fig. 3- a 


Fig. 3-B 


Fig. 3-.A: Fresh bullet fracture of humerus caused by Japanese rifle bullet. 

Fig. 3-B: Shoiis degree of heahng si\ months after mjurj', two small sinuses, one anterior and one 
posterior, persist. A small sequestrum is present m dead space of bone. 


Roentgenogram taken six w eeks after humerus w .as shattered by German machine-gun bullet. Degree 
of healing w as verj* fast tVounds have healed except for dimo-sized pouts of granulation ti'^ue at points 
of entrance and e^at of bullet Hanging c.ast ivas removed at this stage. 
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infection persists for a long time. Thus bone-graft or reconstructive procedures are 
dela3'ed until long after the time in which the fragments would have fused of themselves, 
’ and would have formed an entire, or at least a partial, new shaft. Often, after such 
radical removal of fragments, amputation is the only means to rehabilitation. 

Non-metallic foreign bodies which are readity accessible should be removed, but a 
search for all metallic particles is unnecessaiy, and ma3’' do more harm than good. Many 
metallic particles are deepl3'' buried in muscle and rapidly become walled off, after which 
the3" cease to prevent healing (Figs. 7-A, 7-B). 

^ After a conservative debridement, a fine mesh gauze pack, heavily impregnated with 
vaseline, should be loosely inserted at the bottom of the wound, thus facilitating drainage. 
Fortunatel3% in most cases, drainage is slight and rapid wound healing occurs. If the 
wound is packed tightly, the formation of pus pockets may destroy the many viable bon3^ 
fragments, and non-union with osteomyelitis may result. On the other hand, if loose 
packing is not inserted, the muscles and skin may heal superficially, closing the wound 
prematurely. Deep-tissue infection with pus retention may result and be extreme^ 
serious. 

The affected parts should be completely immobilized for a long period, and, occasion- 
all3'', traction in plaster is necessary to maintain the length of the bone. Changes of cast 
should be infrequent, to obviate the danger of breaking or disturbing the delicate callus and 
bony struts which form in a surprisingly short time. If these are broken or if lateral stress 
is placed upon them, non-union may result. 



Fig. 6-A Fm. ft-B 

Fig. 6-A: Severe bullet fracture of femur caused bj’ thirty-caliber machine-gun bullet at a distance of 
three feet. 

Fig. G-B: Roentgenogram taken ton months hater shows the enormous reconstructive power of these 
shattered fragments of bone if left alone, in spite of the presence of metallic particles in the soft tissues. 
Wound has healed but for a pe.a-sizcd sinus. Patient has walked for the hast si\ weeks m walking 
caliper brace. 
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Fig. 7-A Fig. 7-B 

Fig. 7-A ; Fresh bullet fracture of ulna, caused by fragments of German shell. 

Fig. 7-B: Roentgenogram taken after five and a half U'eeks shows wounds healed; fractures clini- 
cally solid in spite of the metallic fragments in the tissues. 

A feAV illustrations selected from a large series of patients are presented to show the 
tremendous restorative powers of bone healing and reconstruction of which Nature is 
capable, if not interfered with unwisely. Amputation of many extremities has been 
avoided by the recognition of these principles. 
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THE INTERVERTEBRAL DISC: ITS MICROSCOPIC ANATOMY 

AND PATHOLOGY 

Part II. Changes in the Intervertebral Disc Concomitant with Age 

BY MARK B. COVENTRY, M.D., RALPH K. GHORMLEY, M.D., 

' AND JAMES W. KERNOHAN, M.D,, ROCHESTER, MINNESOTA 

‘i From the Section on Orthopaedic Surgery and the Division of 

Surgical Pathology, Mayo Clinic, Rochester 

In a preceding article ^ we presented the first of three studies on the intervertebral 
disc. The purpose of these studies and the methods and material used were explained. 
■ The anatomy, embryology, and physiology of the intervertebral disc were reviewed, our 
, own specimens being used to substantiate or disprove the accepted ideas along these lines. 
The present paper deals with the microscopic changes observed during the aging process. 

The body passes through a degenerative cjmle ivhich is reflected in all its tissues. 
This change, which is part of the aging process, begins even at birth. During the earlier 
3"ears of growth and development, these degenerative or retrogressive changes are in- 
' significant as compared with progressive or developmental changes. But, as growth slows 
^ down, retrogression speeds up, and in later years finally dominates. All the body tissues 
are affected by these downhill changes, some much more than others. The intervertebral 
' discs, of course, follow this pattern of progression and retrogression. It is evident that 
they are affected early and retrogress more rapidly and severely than do most of the other 
tissues. This is usually explained on the basis of excessive wear and tear. At all times, 

I the intervertebral discs are actively functioning. They are subject to a great deal of 
^ traumatic insult. Their constant use, as well as their susceptibility to trauma, and their 
relatively poor blood supply, doom the intervertebral discs to early and advanced de- 
generative changes. The following changes have been observed in the respective decades. 

FIRST DECADE 

In the first decade of life many developmental changes take place. The intervertebral 
^ discs are in a stage of progression, not of retrogression. Five specimens have been studied 
from subjects ranging in age from ten months to seven years. Changes will be recorded 
h under the three headings: cartilaginous plate, annulus fibrosus, and nucleus pulposus. 
Figure 1 represents a typical disc of this first decade. 

A. Cartilaginous Plate 

The cartilage cells are round to oval and very clear microscopicalljL Thej"^ are 
hyaline in type. The matrix stains deeply and is homogeneous. The cartilaginous plate 
y itself extends over the entire end surface of the vertebra, and downward anteriorl3’^ and 
posteriorly for a short distance. 

Up to the age of six years the specimens show h3'aline cartilage dipping into the bodies 
of the vertebrae. In the ten-month specimen there is complete sagittal separation of the 
posterior sixth of the body from the remaining anterior portion b3' a band of cartilage 
extending between the two cartilaginous plates. Ossification is present along its vertebral 
margins, which is actually the epiph3"sis of the vertebral arch. It graduall3’^ decreases in 
size to thin out and disappear b3’^ the tenth 3mar.® 

At the edge of the cartilaginous plate, adjacent to the cancellous bone of the vertebrae, 
is the ossification layer, in vertical rows of columnar cells. Here endochondral growth of 
the vertebral bod3" takes place. The inner margins of this la3'er are wavy in outline. 
Here and there (Fig. 2) are “ossification gaps”, the importance of which has been empha- 
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Intervertebral disc of a boj', aged six years, a. Section (X 6 ). 6 . Roentgenogram. 


sized by Schmorl. He expressed the belief that they correspond to the perforations in the 
end plate, as previously described. These gaps occur most commonly at about eight j^ears 

of age and have horizontal bands 



of fibrillated cartilage matrix 
running across them. In the 
adult, all evidence of these 
gaps disappears, but the 3 >- may 
be weak points, first affected 
bj^ stress and strain. 

In the veiy earl}^ ages, 
numei’ous vascular channels 
are seen imbedded in and per- 
forating the cartilaginous 
plates from the vertebral side. 
B}'- the age of ten j’-ears, these 
channels have largely disap- 
peared, though they may re- 
main to the age of twenty 
j'-ears.^ Ubermuth in 1929 
and Bohmig in 1930 were the 
first to stress the importance 
of these vessels. The speci- 


Fig. 2 

Photomicrograph (X 115) showing portion of an intervertebral 
disc of a girl, aged seven 3 'ears. A: Ossification gap. B: Ossifica- 
tion laj'er of cells. C: Cartilaginous plate. 


mens in this study confirm 
the fact that the origin of these 
channels is the spongiosa. Fi- 
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brosis, followed by invasion bj’- cartilage cells, obliterates 
these channels at an early age. Scars of these channels 
remain throughout the life of the disc. These obliterated 
channels maj^ be areas of weakness, predisposing to 
herniation of material from the nucleus pulposus. 

Evidence of congenital or developmental defects in 
the cartilaginous plate is lacking in this study. The ossi- 
fication gaps and vascular channels already mentioned 
^ are the onl 3 " factors found predisposing to nuclear protru- 
sion. No true splits or open defects have been found. 

The fact that the}" are found in later life maj" be accounted 
for on the basis of artefacts. (In the spinal columns of 
young subjects, the cartilage and bone are soft, allowing 
easier section with the microtome knife than in older Fig. 3 

^ specimens ; consequently there is less crushing and tearing.) Roentgenogram of vertebrae and 

Schmorl stated that ossification centers appear in the inte^ertebral disc of same subject 
. , , . , , as Fig. 2. A: Ring contaming 

epiphj"seal ring as early as the eighth year. The epiphj"- cartilaginous epiphysis. 

seal ring could be seen roentgenographicallj", in one of our 

specimens from a subject, aged seven j'ears (Fig. 3). The superior and inferior anterior 
vertebral margins are characteristically notched. 

B. Annulus Fibros^is 

Ubermuth has expounded the h 5 ’-pothesis that the components of the intervertebral 
disc grow and change according to the stress and strain brought on b}" the changes in age, 
with resulting changes in function. Thus, the annulus has developed bj" the age of six 
months, for the child is beginning to sit up and needs the spinal column for support. Our 
> earliest specimen, that of a ten-month-old infant, shows the annulus quite well developed 
(Fig. 2, Part I).^ The fine strands of fibrous connective tissue with their long, narrow 
nuclei are arranged in bundles or lamellae, running for the most part parallel, but in 
places interwoven. 

As the age of the subject increases, the annulus begins to attach itself to the newlj" 
developing anterior and posterior longitudinal ligaments. Stress and strain begin their 
formative function and the lamellae take a slightly different course as thej" stream off of 
the cartilaginous plate. The open spaces between the lamellae fill up with a ground 
substance, and bj" the tenth jmar the annulus has completely developed as a compact, 
retaining structure. 

C. Nucleus Pulposus 

We must alwaj"s think of the nucleus pulposus as an active, living structure vitall.v 
‘ concerned with body mechanism. During the first decade the nucleus develops rapidly. 
Chordal remnants — cells and gelatinous matrix — tend to disappear. Most authors de- 
scribe the presence of chordal cells, — large, pale-staining, multinuclear cells with vacuo- 
lated cytoplasm. (None of these cells was found in the specimen from the ten-month- 
old subject.) Fibroblasts in large numbers are seen, as well as cartilage celb, especialh' 
around the peripherj". 

‘ The shape of the nucleus in the specimens from veiy young sulijects is more rec- 

tangular than oval. As the subject grows older, however, the oval shape is assumed. 
The fine, interlacing fibrils in their delicate ground substance of amorphous, mucoid mate- 
rial seem to grow coarser toward the end of the fir.st decade. Vacuoles in large numbers 
occur, as well as large, irregular spaces in the nucleus. These .spaces are often thought 
of as central cavities, analogous to joint spaces. No evidence of endothelial lining has 
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Fig. 4 

Intervertebral disc of a youth, aged sixteen years, a. Section (X 4), b. Roentgenogram. 


been observed, although an acellular, flattened, darker-staining lining is often present. 
This may be due to deposition of stain or to the concentration of amorphous material 
contained in these cavities. Saunders and Inman expressed the opinion that these cavities 
are probably evidence of desiccation of the nucleus. Our study tends to support this 
view. In fact, the cavities may be only artefacts. 

Is there true mucin in the nucleus pulposus of the intervertebral disc? Deucher 
and Love, among others, have found evidence of mucin in posterior protrusions of a disc 
removed at operation. They used mucicarmine stain to demonstrate it. De Galantha's 
mucin stain was used in the present study. No section showed the presence of mucin 
with this stain, though there is a characteristic bluish reaction in the nucleus pulposus to 
hematoxylin and eosin which certainly suggests that the ground substance of the nucleus 
is a mucoid material. 


SECOND DECADE 

In the second decade progressive changes are still occurring, but in the later years 
the picture of the adult disc is reached. Figure 4 shows a typical disc of this period. 

A. Cartilaginous Plate 

Grcsyth of bone continues from the base of the cartilaginous plate, although it has 
slowed up a great deal toward the end of this decade. After the age of fourteen to sixteen 
years, the cartilaginous plate rapidly becomes less active than before. At the age of 
twenty years, only very few cells of endochondral growth are found. The ossification 
gaps persist as long as ossification continues. An increase in the deposition of bone at 
the vertebral bony end plate is found during the middle of the second decade. 

A specimen from a youth, aged nineteen years, shows fusion of the epiphysis to the 
body of the vertebra. However, in none has a section included an ossification center in 
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the epiphj’seal ring. The 
cartilaginous plate in the 
specimens from younger 
subjects extends to the 
edge of the vertebra ante- 
riorly and posteriorly, but 
after fusion of the epiphy- 
sis to the bodj', the carti- 
laginous plate ends ab- 
ruptly at the edge of the 
epiphysis, and annulus fi- 
bers stream over the bony 
rim formed bj"^ the ossified 
epiphyseal ring, to insert 
into the longitudinal liga- 
ment and into the verte- 
bral bone itself. 

Many vascular chan- 
nels are still present. 

They are seen to be filled 
mth blood and penetrate 
deeply into the cartilagi- 
nous plate. These channels diminish as age progresses and none of the specimens in this 
study beyond the age of nineteen years shows them. The scarring of these channels has 
been described previously.’ 

During this decade the cartilaginous plate has become somewhat thinner than before, 
and the cells have taken on a more mature appearance. The ossification of the plate has 
almost stopped. The cartilaginous plate has fused anteriorly and posteriori}’- to the epi- 
physeal ring. In all, it has reached its maturity and almost the end of its phase of pro- 
gression and development. 

Retrogression has taken place during this decade. Perhaps the curves of progression 
and retrogression cross at about the age of eighteen years, when the two are at a balance. 
At least, from this decade on, degenerative processes advance rapidly. Xo true Schmorl’s 
nodules were found in our specimens before the age of twenty 3 ’ears. One specimen, from 
a male subject, shows some multiple microscopic protrusions (Fig. 5), one of which can be 
seen grossly. Most of them are found at the peak of the expansion of the nucleus, a point 
that vdll be discussed later * 

Several longitudinal fissures are seen in the cartilaginous plates in this decade. The}’ 
are probably artefacts, not to be mistaken for congenital defects, although Beadle ex- 
pressed the belief that they may be developmental. 

Roentgenograms of these specimens are all normal e.xcept for the previously mentioned 
twenty-year-old male subject This is a good example of a nuclear expansion and also 
of a Schmorl body. No hypertrophic lipping is evident in any roentgenograms in this 
series during the first two decades; also no thinned dis&s aie observed. 

B. Annulus Fthrosus 

Progression is probably still taking place in e.xcess of retrogression in the annulus 
fibrosus of this decade. As stress and strain arc applied to the di«c during the vigorous 
activity of youth and young adulthood, the annulus must be further strengthened to 
serve its purpose as a limiting structure for the nucleus pulposus. Whereas during the 
first decade of life the fibers were more discrete and the lamellae tended to be separated 

* In P.irt III, to be pubbshed. 
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Fig. 5 


Photomicrograph ( X 25) showing portion of an inten’ertebral disc of a 
3 ’outh, aged twentj- j’ears. A- Nucleus pulposus. B: Cartilaginous 
plate. C- Multiple nuclear protrusions. 
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from each otlier by slight gaps, in this decade the lamellae are tightly packed together, 
functioning more as a whole. Growth of annulus fibers from the cartilaginous plates has 
progressed, and there is more annulus superiorly and inferioi-ly between the nucleus and 
the cartilaginous plate. 

The epiphj'-sis has fused, in many instances, to the underlying vertebrae in the latter 
part of this decade. The annulus fibers, in these cases, have anchored themselves to the 
bony rim of the epiphysis; some have passed over it, merging with the longitudinal liga- 
ments. 

In the latei' j’-ears of the second decade, however, there is evidence of degeneration. 
The fibers comprising the annulus become less distinct; the number of nuclei seems to 
decrease; and early h3'’alinization can often be observed. 

C. Nucleus Pidposus 

Development is still taking place in the nucleus pulposus during the second decade. 
The fluid content is increasing as the nucleus responds to its increased functional role. 
The loss of the diffuse character of the nucleus is noticeable. Whereas during the first 
decade the nucleus is a general admixture of cells, fibrils, and semigelatinous ground sub- 
stance, it now becomes more broken up and irregular. A central cavity sometimes ap- 
pears. This cavity does not have a cellular lining and is probabl}’- central debris lost 
during sectioning, though some writers look on it as a rudimentaiy joint space. 

Around the periphery the nucleus becomes somewhat more cellular, — chiefly cartilage 
cells, in pairs and in nests. Fibrils remain in the nucleus but thej'- are seen in clumps. 
Parts of the nucleus have a new granular appearance. Vacuoles are still seen. The line 
of demarcation separating the nucleus from the annulus becomes somewhat more distinct 
during the second decade. This is another indication that the differentiating process is 
taking place and that the nucleus is maturing and growing to its adult functioning form. 

THIRD DECADE 

In this group of eight there are two specimens which showed evidence of disease. 
One, from a twenty-nine-3'’ear-old woman, shows roentgenographic as well as gross evi- 
dence of definite thinning of the disc. The other, from a thirty-year-old man, is a classic 
example of a nuclear expansion. (These two cases will be discussed in Part III.) Figure 
6 represents a typical disc of this decade. 

A. Cartilaginous Plate 

Developmental changes are still going on at the beginning of this decade, but to a 
lesser degree. "iVliile there are a few islands of bone-forming cells at the base of the carti- 
laginous plate, it has for the most part ceased its growth function. The epiplyses that 
have not already united do so at the beginning of this decade. 

What retrogressive changes are taking place? The processes of wear and tear, of 
repeated trauma, begin in earnest during the active period of 3'’oung adulthood. Degen- 
erative age changes, per se, are commencing. However, the changes are early, and micro- 
scopic evidence is not abundant. A few specimens do show beginning fibrillation of the 
cartilage. Also, longitudinal fissures are occasionally seen. These, for the most part, 
are probably artifacts; though they may occasionally be results of trauma. They do not, 
as a rule, show evidence of repair. A few specimens, however, do show fibrous invasion, 
proving that some of these fissures are premortem. These repaired tears are seen best 
with the van Gieson stain. 

The cartilage cells during this decade show occasional signs of degeneration, though 
for the most part they are clear in outline and have normal nuclei. The width of the 
cartilaginous plates seems slightly less than before, as suggested by Donohue, though 
this is hard to evaluate. A few remaining vascular channels are seen in some of the speci- 
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Fig. 6 

Intervertebral disc of a \ioman, aged twenty-one years, o. Section (X 4). Most of the nucleus 
pulposus has dropped out during sectioning. 6. Roentgenogram. 


mens of this decade. The zone of calcification at the junction between cartilage and 
bone is becoming more distinct than it was earlier. 

Onlj’’ two of the eight specimens in this group show evidence of breaks in the carti- 
laginous plate with protrusion of nuclear material through the breaks. These breaks are 
seen in increasing number as age progresses, and are a definite indication of the degree 
of the degenerative changes occurring in the disc. The microscopic protrusions of the 
nucleus pulposus into the adjacent vertebrae will be discussed in detail in Part III. 

B. Annulus Fibrosus 

During this decade the changes accompan3’’ing wear and tear seem to appear to the 
greatest extent in the annulus. The fibers become coarse and h3'alinized, and a concentric 
Assuring of the lamellae occurs. Cellular detail is almost lost. One specimen in this 
group shows a moderate amount of oedema between the lamellae. 

Deucher and Love, examining specimens of protruded discs removed at operation 
from patients of vaiious ages, found degeneration of cartilage cells in 32 per cent. This 
was demonstrated b3’’ loss of cell outline and p3''knosis of the nuclei. The specimens 
studied in this decade alone show at least this high a percentage of degeneiative changes 
in the fibrocartilage cells of the annulus. 

C. Nucleus Pulposus 

The nucleus is no longer mucoid in appearance. The general composition is of sei- 
eral cavities of I'arious sizes, in a loose, fibrillar network. At the peiiphei3 are heavier 
fibers and man3' more cartilage cells than were seen in the previous decade. Some of the=e 
nests contain ten to fifteen cells. The nucleus begins to blend more intimatebv vith the 
annulus, as stressed bv Saunders and Inman. During the first decade the two were in- 
distinct. During the' second decade, the nucleus seemed to diflerentiate and separate 
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Fig. 7 

Showing intervei tebral disc of a woman, aged thirty-five years, a. Section (X 4). b. Roentgenogram. 

from the annulus. But during the latter part of this third decade, it is again no longer 
distinct from the annulus. 

According to Ubermuth’s hypothesis of adaptation, during the third decade the disc 
is at its maximal point of function. Beadle quoted Ubermuth as follows: "At this stage 
the disc has a uniform soft buffer action and elasticity; it is the high-water mark of the 
swelling process and from then onward there is the steady loss of fluid characteristic of 
age”. 

FOURTH DECADE 

Nine specimens were examined in this group. One showed thinning, one showed 
nuclear expansion, and five showed microscopic evidence of nuclear protrusions into the 
spongiosa of the vertebral body. Thus we see that pathological lesions are increasing in 
number and keeping pace with the degenerative changes of age. Figure 7 represents a 
typical disc of this age group. 

A. Cartilaginous Plate 

It is very striking to see the severe retrogressive changes that have occurred in this 
decade. The degenerative defects in the cartilaginous plate range from thinning to 
complete absence of cartilage in places. Many microscopic protrusions of the nucleus 
pulposus are evident. In several places there is evidence of bony invasion of the carti- 
laginous plate from below, with blood channels and marrow elements penetrating into the 
nucleus. This erosion from the marrow spaces has been described in detail by Saundeis 
and Inman. 

The cartilage has lost its even texture in this decade and for the most part takes a 
rather mottled, irregular stain. There is a definite increase of deposits of calcium salts 
at its base. Fibrillation is more evident and in places almost completely destroys the 
normal cartilage. 

Why defects in the cartilaginous plate — ^fissures and tears through which nuclear 
material extrudes — should appear at this age has been a point of controversy. Donohue 
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expressed the belief that the cause is a congenital fault, plus a tear from trauma. The 
only congenital fault that we have been able to demonstrate, however, is the blood vessel 
^ channels that penetrate the plate in the first decade and later sclerose. These, we feel, 
are the chief regions of weakness, at 
which in middle age protrusion may 
occur from trauma. 

B. Armiihts Fibrosus 

Degenerative changes are more 
marked during this decade than at ear- 
lier ages In addition to fissuring, hya- 
line degeneration, increase of nests of^ 
caitilage cells and nuclear pyknosis, 
two new phenomena appear. One, 

, that of pigmentation, is seen in one 
of the specimens of this gioup. The 
pigment is finel}' granular and takes a 
reddish-brovm stain with hematoxylin 
and eosin and a yellow stain with van 
Gieson’s. It is arranged in long oval 
, streaks between the lamellae. Its ex- 
act composition and nature are un- 
known but, since it makes its appear- 
ance as age progresses, it is probably 
a result of degeneration. 

The second change to make its ap- 
, pearance in this decade is that of vas- 
cularization of the annulus. This was ^ 

first observed in this study in a speci- ^ ' ■. j 

. 1 ii.- i c Photomicrograph (X 145) showing blood vessels m the 

men Irom a woman, aged tnirty-nve posterior portion of the annulus fibrosus of a woman, 
years (Fig. 8). Several small thin- aged thirty-five years. 

walled blood vessels were imbedded in 

the medial layers of the posterior portion of the annulus. The 3 " were grouped together 
and their lumina were filled with blood cells. This invasion of the fibrocartilage of the 
' annulus by blood vessels may be an attempt on the part of the body to strengthen and 
nourish a structure which has become iveakened and degenerated. 

C. Nucleus Pulposus 

The gradual loss of fluid in the nucleus has been described in detail by Puschel. This 
loss of fluid is evident microscopically The soft, lacy appearance of the nucleus has 
given way to a mass of fibrous tissue and cartilage cells. During this decade the replace- 
ment of the nucleus with fibrous tissue is verj’- evident. Onlj’’ in occasional sections can 
one see the remains of the semigelatinous ground substance and the fibrillar reticulum. 
The distinction between the nucleus and the annulus has become less marked than it was. 
It appears as though the body were attempting to make the disc one solid fibrocartilagi- 
nous mass. Several of the sections show a loss of the center of the disc. This has prob- 
ably fallen out during preparation, — an indication of the crumbly, dry nature of the 
nucleus. 

FIFTH DECADE 

There are eleven specimens in this group. Of these eleven, four showed evidence of 
disease. There is an example of “ballooning”, one of thinning, one of nuclear expansion. 
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Fig. 9 

Intervertebral disc of a man, aged forty-five years, a. Section (X 3.5). b. Roentgenogram, 


and one showing a Schmorl body large enough to be seen with the naked eye. In addi- 
tion, eight of the eleven specimens have defects of the cartilaginous plate with microscopic 
prolapse of the nuclear material into the body of the vertebra. Figure 9 represents a 
typical disc of this decade. 

A. Cartilaginous Plate 

One is struck by the advanced degeneration of the cartilaginous plate in this group. 
There is hardly one that anywhere approximates the appearance of a cartilaginous plate 
in the younger-age groups. Most conspicuous, perhaps, is the number of microscopic 
protrusions of disc substance through defects in the plate. These protrusions can be seen 
just entering the cartilaginous plate or may be at any stage in penetration. Very few go 
deeply into the bone, usually stopping at the bony plate. These protrusions suggest that 
the cartilaginous plate is losing its resistive powei'. 

Besides protrusion of the nucleus, there are numerous examples of erosion of the 
cartilaginous plate by the bone marrow. These marrow erosions may extend well into 
the nuclear substance but usually stop somewhere in the plate. What determines the 
direction of the protrusion — from the disc out, or from the vertebrae in must depend 
chiefly on the existing forces on each side of the cartilaginous plate. This balance must 
be determined in turn by the amount of turgor in the nucleus pulposus, for the potential 
force of the marrow spaces is probably constant. 

Fibrillation of the cartilaginous plate is rather marked in several specimens. One 
specimen exhibits advanced oedema and loss of cellular outline. As a I'ule, however, the 
cartilage cells are still quite normal in appearance. _ 

Numerous clefts and fissures are found in specimens from this decade. The majou y 
are probably artefacts. Some are definitely antemortem, however. One specimen (Fig. 
10) shows a zigzag vertical tear, filled with fine fibrinous material and a few fibroblasts. ^ 
Such proved tears— proved by evidence of repair on the part of the body are rare. 
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Variations in thickness of the car- 
tilaginous plate are rather striking in 
this decade. In some regions the 
plate is entirely gone. Is this an ac- 
quired defect or a defect in develop- 
ment? Probably the former, as it is 
not observed in our younger speci- 
mens. At these points of thinness or 
absence, the nuclear material may or 
maj’^ not have protruded into the 
underlying bone. 

B. Annulus Fihrosus 

Degenerative changes continue 
to progress. Hyalinization is well ad- 
vanced in many specimens. The la- 
mellae are blended together in a non- 
descript, fibrous mass, their outlines 
being mere shadows. Pyknosis and 
even disappearance of the nuclei are 
common. Many of the fibrils are 
short, thick, and swollen. In fact, 
several of the sections show oedema Fig. lo 

fluid in small vacuoles scattered through Photomicrograph (X 70) showing healed tear in car- 
the annulus. tilaginous plate of man, aged forty-three years. 

There are many regions of new 

cartilage cells. IVhereas in the preceding sections the}" were all in groups or “pearls”, 
m some sections in this decade they are in columns, corresponding in direction to the 
lamellae. 

Fissuring of the annulus is conspicuous. Occasional new blood vessels are seen, as 
in the preceding decade, but this is by no means common. iSIany of the sections have 
lost the anterior fibers of the annulus in preparation. The posterior fibers, however, are 
intact. No posterior nuclear protrusions are seen in this decade. 

C. Nucleus Pul'posus 

The confines of the nucleus can still be distinguished in most cases in this group. 
However, the distinction is fast becoming less and less apparent. A gradual fibrous re- 
placement of the nucleus is going on. The typical section in this decade shows the nucleus 
to be of almost the same consistency as the annulus, except that here and there are rem- 
nants of the fibrillar reticulum. The fibrous cells, of course, are not arranged concentrically 
as in the annulus, but pass through the nucleus in an apparently indiscriminate fashion. 

More cartilage cells in groups are seen than at earlier ages. One rather marked 
change is the amount of amorphous debris, both in clumps and finely scattei-ed throughout 
the nucleus. IMany sections show pigment, as first observed in the preceding decade. 
Oedema is present in a few cases. While there is still evidence of a semigelatinous con- 
sistency to the nucleus, this is fast disappearing as the nucleus becomes replaced by fibrous 
tissue, cartilage, and amorphous material. 

SIXTH DEC\DE 

It was in this decade that Deucher and Love found the greatest amount of degenera- 
tion in specimens of protruded discs removed at operation. It is true that in the post- 
mortem specimens reviewed in the present study the amount of degeneration had gradu- 
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Fig. 11 


Intervertebial disc of a man, aged fifty-fom yeais. a. Section (X 3.25): A, caitilaginous plate, B, 
annulus fibtosus, C, nucleus pulposus; D, bony nm, the aiiows indicate junction of the cartilaginous 
plate and the bony nm, E, bony spur. b. Roentgenogram 


ally increased until at this decade it is more advanced than in any preceding decade. 

Of the twenty-two specimens in this age group, eighteen have demonstrable defects 
of the cartilage with nuclear protrusion. In addition, three specimens showed micro- 
scopic evidence of posterior protrusion of the disc. Three specimens showed thinning of 
the disc, substantiated by the roentgenographic appearance. In two cases Schmorl 
bodies were seen in the gross. There were one case of "ballooning” and one case of 
nuclear expansion. In several cases there was evidence of hj'-pertrophic lipping. These 
will all be discussed in Part III, but they show that the curve of the incidence of dis- 
eased discs rises with the increase in age. A disc typical of this decade is represented in 
Figure 11. 

A. Cartilaginous Plate 

The most striking characteristics of the cartilaginous plate in the sixth decade are 
evidence of old, calcified, "healed” nuclear protrusions through the cartilaginous plates; 
heavy deposits of calcium; and advanced destructive and degenerative changes in the 
hyaline cartilage comprising the plate. 

Rarely does a disc not show several defects in the plate through which nuclear mate- 
rial has streamed. Calcification is the most common defect seen at this age. The pro- 
trusion is composed of old cartilage cells, some fibrous tissue, a few blood vessels, and 
much calcium salt. These defects often have bone marrow growing into them from 
below, meeting the cartilage that has replaced the nuclear material. There are also a 
few recent protrusions into the spongiosa, usually small, and occurring most commonly 
near the border between the epiphysis and the cartilaginous plate, some actually pene- 
trating well into the bony rim. 

Calcium is deposited in large plaques and masses in the old protrusions, as mentioned 
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Fig. 12-A 

Photomicrograph (X 3.5) showing intervertebral disc of a man, aged seventy-one years. 


previously. Occasionally it is directlj'^ in the car- 
tilaginous plate, but usuall}^ it occurs along the junc- 
tion of the plate and the bone itself. This deposit 
appears to show the age of the disc as much as any 
one factor. Its amount is consistent with increasing 
age. 

The nuclei of the cartilage cells are showing more 
and more pyknosis, karyorrhexis, and karyoly’^sis. 

The cells tend to lose their distinct outline and stain 
irregularly. Fibrillation is common and there is actual 
necrosis in places. Several healed tears are evident. 

B. Annulus Fibrosus 

There is no tj'^pe characteristic of this age group. 

Degeneration of the annulus has merely progressed. 

The average section vie^\ed grosslj^ reveals narrowing 
and compression of the posterior fibers of the annulus. 

The junction between the annulus and the nucleus is 
becoming less and less distinct 

The annulus appears to be broken j^osteriorly in 
a high percentage of cases in this decade Six of the 
twenty-two slides show invasion of the annulus and nucleus with whorls of new, deeply 
staining fibrous tissue, and small blood vessels. This invasion occurs in those slides that 
show posterior breaking and destruction of the annulus In a few case'= the di«c protrudes 



Fig. 12-B 

Roentgenogram of mten’ertebraldisc 
shown m Fig 12-.-^ 
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posteriorly through these tears. The invasive elements must be interpreted in the same 
light as the protrusion into the vertebrae,— namely, an attempt on the part of the body t 
plug and rebuild the damaged disc tissue. 

Other changes seen in this group are plaques of calcium, seen in the anterior annulu 
in two specimens; advanced hyalinization of the lamellae; small localized areas of necrosis 
and cross and concentric tears. The lamellae are enlarged but their definite outline i; 
less distinct and they tend to blend somewhat together. 

C. Nucleus Pulposus 

At this decade the nucleus so resembles in composition the annulus that most of th 
foregoing applies to it as well. The trend toward a blending of the fibrocartilaginou 
elements of the annulus and nucleus is progressing. The nucleus in this decade is almos 
completely fibrocartilage. Seen in an advanced degree, however, is the occurrence o 
amorphous material. This is of two types; large, coarse, localized clumps of amorphou; 
matter; and fine strands of finely granular material, running parallel to the fibrous bundles 
The larger clumps probably represent the end stage in necrosis and dehydration of th( 
nucleus. The fine, granular material is similar to the brown degeneration and pigmenta 
tion described by Beadle, Saunders and Inman, Donohue, and others. 

Large, longitudinal clefts run through many of the discs. These are seen most offer 
where there is posterior protrusion. In these cases, the nuclear material is lost posteri- 
ori}^, and the Gssure remaining is the space formerly occupied by this material. In a feu 
others the clefts are oblique, running down to nuclear protrusions that have occurred 
through the cartilaginous plate and into the adjacent vertebral bone. 

SEVENTH DECADE 

Thirteen of the twenty-seven specimens in this last group show definite evidence of 
disease. The changes of degeneration and trauma are rather extensive, although a few 
exceptions to this are seen. (One disc shows no more degenerative changes than one 
would expect to find in a thirty-year-old subject.) Figures 12-A and 12-B represent a disc 
typical of this age group. 

A. Cartilaginous Plate 

There is no specific change in the cartilaginous plate during this decade, simply a 
progression of the previously noted degeneration. The cartilage cells are less numerous 
than at earlier ages, and their nuclei are p 3 '’knotic. The cartilage matrix, is pale and 
irregularly staining, and fibrillation has occurred in most cases. Longitudinal bands of 
fibrous tissue are seen in many places. Bands and small plaques of calcium are also evi- 
dent, some imbedded deeply in the cartilaginous plate; most of them, however, are work- 
ing up from the peripheral zone of calcification. In places the cartilage is replaced entirel}’’ 
by bone invading from below. 

Defects are extremely frequent. In onl}'" one section in this group were microscopic 
protrusions not apparent. These protrusions are for the most part calcified, and in many 
instances they are bony in composition. Erosion of the cartilage b}’- the marrow and 
bone is a very frequent picture. In fact, there are two specimens in this group that show 
hardly any remaining cartilaginous plate, since it has been replaced b}'' bone from the 
adjacent vertebrae. 

The junction between the hj^aline cartilage of the plate and the fibrocartilage of the 
annulus is indistinct in these later years. The “streaming off’’ of the fibrocartilage from 
the cartilaginous plate is hard to see, and there is a blending of all the disc substances. 

B. Annulus Fihrosus 

The annulus in this end stage of retrogression and degeneration is in most cases still 
relatively intact. It is not functioning in the same capacity as in the younger groups, 
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in which the nucleus is semiliquid, and the annulus tends to hold in and distribute the 
potential forces of the nucleus. Among these older persons the stress upon the annulus 
is not so great as among .young persons. Tears in the annulus are seen often, though most 
of them are old, as evidenced by the amount of repair which has taken place in the way of 
invasion of blood vessels and fibrous tissue. Some of the vessels penetrate well into the 
nucleus. They enter most commonly posteriorly, where more tears occur, but there are 
some examples of anterior invasion. 

The fibers composing the annulus have reached a stage of adAmnced degeneration. 
They are hj^linized, torn, and in places necrotic. Strands of fine pigment can often be 
seen parallel to and between the lamellae. There are many groups of cartilage cells and 
some localized regions of calcification. In one instance, a region of new bone had de- 
veloped in the posterior portion of the annulus. 

C. Nnchiis Pidposus 

Even at these later years of life there is e\ddence of the mucoid ground substance 
with its included fibrillar strands, as seen in the younger specimens. Generally one is 
impressed, however, with the complete loss of all structure in the nucleus. Large spaces 
run horizontally, — evidence of desiccation. Man}’^ of the sections show nothing but 
masses of amorphous material where the nucleus is usually situated. Cartilage cells are 
very common, either in nests or diffusel5’^ scattered throughout the nucleus. In two 
sections bone had grown in from the adjacent vertebrae and had penetrated the nucleus 
pulposus. Most of the nucleus pulposus from these older patients, however, is composed 
of fibrocartilage. 

One of the discs in this group shows enough calcium in the nucleus to be visible by 
roentgenographic examination. This will be discussed in a subsequent study. How- 
ever, many simply show small plaques of calcium imbedded in the nucleus and visible 
only microscopically. 
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UNCO VERTEBRAL OSTEOPHYTES AND OSTEOCHONDROSIS 

OF THE CERVICAL SPINE 

BY ERNST LYON, M.D., JERUSALEM, PALESTINE 

Neuralgic symptoms of the arms, neck, and back of the head are being referred in ar 
increasing measure to affections of the cervical spine, the majority of which originate in the 
region of the intervertebral discs. Degeneration of the disc is often accompanied bj^ loss 
of elasticity, eventually leading to structural changes in the adjacent* vertebrae. It is ir 
the cervical portion of the vertebral column, the site of greatest mobility, and also ol 
greatest susceptibilit 3 ^ to functional stress and trauma, that involvement of the discs is 
most common and particularly'' severe. Hy'pertrophic spondj'-litis or spondylosis de- 
formans [marginal bony' proliferations at the ligament attachments] is a frequent result ol 
degenerative changes of the annulus fibrosus, the formation of osteophytes occuri-ing as 
reparative manifestations. Arthrosis deformans [hypertrophic or degenerative arthritis] 
of the posterior articulations is a common accompaniment, the osteophytes of which may 
protrude into the intervertebral foramina, leading to vascular congestion and subsequent 
irritation of spinal roots and nerves. 

The present paper deals ivith observations of forty' patients, showing localized hy'per- 
trophic lesions, peculiar to the cervical spine and the first thoracic vertebral body, which 
the author terms “uncovertebral osteophy'tes ”, and which he believes may' contribute 
to these sy'mptoms. 


ANATOMY 

The full comprehension of the pathogenesis of the “uncovertebral osteophytes” is 
possible only' if certain anatomical peculiarities of the cervical spine and the first thoracic, 
vertebra are borne in mind. The thoracic and lumbar vertebrae have flat, smooth -supe- 
rior and inferior surfaces, the only' exception being the upper surfaces of the first thoracic 
vertebra. Turner described the ty'pical cervical vertebral body' as follows; “The body, 
oblong in shape, the long axis being transverse, is small when contrasted with those of other 
regions. The superior surface has two well-marked lateral lips, which render it concave 
from side to side, while the anterior border is rounded off. The inferior surface is bevelled 
laterally, and thus is convex from side to side, while the anterior border is prolonged down- 
wards to form a distinct lip. The lipped lateral margins of the superior surface rest against 
the bevelled edges of the inferior surface of the vertebra above, while the anterior lip of the 
inferior surface is in contact with the bevelled edge of the ^'ertebra below, the thin inter- 
vertebral disc intervening in each case. The posterior surface is flat and bounds the spinal 
canal, while the anterior surface, also flat and rough, is situated at a slightly' lower level , 
than the posterior.” The lateral lips of the superior surface of the bodies of the third to 
the seventh cervical vertebrae -were called processus uncinati by' Trolai'd, and processus 
lunaii by' Giraudi. 

These elevations are easily seen in the anteroposterior roentgenogram of a ty'pical 
cervical vertebra (Fig. 1). 

Turner then proceeds to describe the pedicles of a typical cervical vertebra as “small 
and cylindrical, . . . directed laterally' and backwards, and so arranged that the superior 
vertebral notch is deeper than the inferior, which, however, is broader — a result which is 
in part brought about by' the lipped and bevelled lateral margins of the bodies which bound 
these notches an terioi-ly”. 

Corresponding to the anatomy' outlined above, oblique roentgenograms of the cervical 
spine show that the anteromedial borders of the intervertebral foramina are formed, m, 
the main by' the lateral lips of the superior surfaces of the third to the seventh cervical 
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i^ertebral bodies, bj' the bevelled lateral margins of the bodies above, and by only a narrow 
;eam of the thin intervertebral disc. Lateral roentgenograms show the lateral lips pos- 
teriorly touching the dorsal surfaces of the bodies or protruding slightly beyond. The 
upper surface of the first thoracic vertebra also shows lateral lipping, in this respect re- 
sembling the bodj'- of a cervical vertebra. In 1858 von Luschka pointed out that in the 
cervical spine the discs do not extend as far laterally as the bodies themselves, and that 
the lateral lips of the cervical vertebral bodies form articulations with a small facet of the 
aext higher body. He counted these articulations in the category of hemiarthroses 
(half joints), calling them hemiarthroses intervertehrales laterales, while Trolard created 
for them the term uncovertebral joints. 

Lange and Krogdahl and Torgersen 
stressed the existence of some sort of 
lateral articulations between the vertebral 
bodies of the cervical spine, and they de- 
scribed joint-like gaps as a normal occur- 
rence in the lateral portions of the inter- 
vertebral discs. They described the lin- 
ing of the gaps as a fibrous capsule-like 
lateral membrane. This fibrous mem- 
brane and the lateral articulations be- 
tween the individual bodies of the cervical 
spine could not be verified, either by 
Rathcke or Giintz, and the latter doubts 
their existence. 

Krogdahl and Torgersen stress the 
need of distinguishing between the lateral joint-like gaps and the more medially situated, 
irregularly outlined, inconstant gaps, which they think may be artificially produced, 
where no signs of degeneration are noticeable. They express doubt as to whether one 
is entitled to consider these lateral junctions as true articulations, since they lack a num- 
ber of important features characteristic of joints. In any event, the existence of such 
lateral articulations between individual cervical bodies has not been demonstrated. The 
lateral portions of the intervertebral discs between the central and lower cervical vertebrae 
almost invariably contain gaps and tears, not to be mistaken for articular cavities, but 
not clearly set off against the rest of the disc. The system of cavities existing within 
the nucleus pulposus normally may be considerable. The gaps may extend from there 
into the annulus fibrosus or beyond, particularly posteriorly, where thej’- may develop 
into the so-called recessus posterior of the cavity of the nucleus pulposus. However, it 
should be remembered that the tissue of the disc has no regenerative capacit 3 L If tissue 
m the disc is destroyed, owing to excessive functional strain, it is not replaced as it would 
be in the bones, and functional adjustment does not take place. Therefore, tears and 
.other marks of destruction occur rather frequentlj'^ in the discs. 

Only with these special features, characteristic of intervertebral discs, in mind, may 
ive attempt to understand the etiologj’- of the uncovertebral osteophjdes and osteochon- 
drosis of the cervical spine. 

UNCOVERTEBRAL OSTEOPHYTES 

The uncovertebral osteoph 5 des occur at the lateral, and especialh' the posterolateral, 
lips of the superior surfaces of the third to the seventh cervical bodies. It is suggested 
that these osteophytes maj’^ be factors in the creation of the sjmdrome characterized b\- 
neuralgic sj^mptoms of the arms, neck, and back of the head. The laterallj’- lipped upper 
surface of the first thoracic vertebral bodj' also develops exostoses, which arc easily identi- 
fied in the anteroposterior roentgenogram. Lange calls them spondjdosis deformans of 
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Fig. 1 

Anteroposterior roentgenogram of a typical cervical 
vertebra, showing the lipping on the lateral upper 
surface. 
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the hemiarthroscs intervertebraJes, Krogdahl and Torgcrsen speak of arthrosis deformans 
uncovertehralis, and Lange and Giintz refer to them as spondjdotic exostoses. These ostec 
phytes are found at some distance latera]l3'- and posteriorly from the anterior longitudin? 
ligament, an important element in their etiology. Therefore, imcovertebral osteophyte 
cannot be considered secondaiy to spond3dosis deformans, although the3" ma3" appear in 
vertebra changed b3'- spondylosis or arthi-osis deformans [degenerative arthritis]. Giraucl 
and Krogdahl and Torgersen maintain an etiological relationship between the bon3^ pro 
liferations of the uncinate processes and arthrosis deformans. As there exist no joint 
in connection with the uncinate proce.sses, imcovertebral osteoplytes cannot possibl3^ b 
produced b3'- the same mechanism as arthrosis deformans [degenerative arthiitisj. Th 
uncovertebral osteoplytes and marginal proliferations at the lower surface of the uppe 
vertebral bod3'' appear as a consequence of osteochondrosis of the spine [degeneratioi 
of the disc]. 


OSTEOCHONDROSIS OF THE CERVIC.VL SPINE 

Osteochondrosis ma3'’ run its course without causing s3’-mptoms. As we are dealing 
with a degenerative process, the sedimentation rate of eiythroc3des remains normal 
While spond3dosis deformans is primaril3’- a degenerative affection of the annulus fibrosu! 
of the aging disc (without or with onl3'- slight involvement of the nucleus pulposus), osteo- 
chondrosis is characterized b3'’ a degenerative, destructive pi’ocess of the intervertebra 
disc as a whole, which includes loss of structure and destruction of the nucleus pulposus, 
Through the effects of age and continuous stress, the inter\'ertebi-al discs pass througl: 
stages of fibrillation, delydration, and fissuring; the adjacent vertebral bodies undergo 
subchondral osteosclerosis, marginal proliferation, and decrease in height. The destruc- 
tion of the discs ma3'’ assume such proportions that the bodies rub against each other. 
One of the sequelae of the degeneration of discs as a whole is the mai-ginal bon3’- prolifera- 
tion of the lateral lips of the cervical bodies and of the lower surface of the bod3'' above. 

CLINIC.‘VL .-VSPECTS 

Forty cases are briefl3^ review'ed. Except for three, all patients were over fort3^-five 
3'^ears of age. Twent3’’-two were men. Special emphasis was not given to persons engaged 
in laborious occupations, nor to those whose work involved an3’- special movements of the 
cervical spine, such as watchmakers or precision-machine operators. Most of the patients 
complained of boring brachial pain, radiating down one or both arms, with a tingling sen- 
sation in the fingers, and pain in the shoulders and the back of the head. Sensitivit3'^ to 
cold and pain was particulars^ marked at night, so that sleep was often disturbed. Man}' 
patients complained of dizziness, headache, earache, d3''sphonia, and transitoiy swelling 
of one hand or forearm. Muscle strength was impaired, but distinct sensoiy S3'-mptoms 
were rareS^ noted. One or both occipital nerves were invariabbv sensitive to pressure, 
as were the cervical and brachial plexus and the trapezius on one or both sides. 

ROENTGENOGR.\PHIC FINDINGS 

The most striking effects were observed in the roentgenograms. The anteroposterior 
idew showed reduced height of one or several of the vertebral bodies from the fourth to the 
seventh cervical inclusii'e, as well as of the corresponding intervertebi'al spaces. Also 
evident were atroply, bon3^ lipping of one or several uncovertebral osteoplytes, and mar- 
ginal proliferations at the lower surface of the bod}^ abo^•e the one affected. 

An oblique roentgenogram showed uncovertebral osteoph3Tes and marginal pi-olifera- 
tions of the inferior surface of the i^ertebral body above. One or more of the intei’vei'te- 
bral foramina were often narrowed. There were occasional exostoses in the foramina 
between the seventh cervical and the first thoracic vei-tebrae. Uncovertebral osteoplyte.s 
were found with particular frequenc3" in the sixth cervical vertebra. 
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In tlie lateral view, spond3dotic ostcophj’-tes were seen at the anterior edges of the 
bodies of several of the cervical vertebrae. Posterolateral uncovertebral osteophytes oc- 
casionally projected slight.ly beyond the bodies, appealing to be intraspinal, but actu- 
ally were within the foramina. 


CASE REPORT 

E. S., a merchant, sixty-one years old, reported that five years before he had suffered for some months 
from neuritis of both arms. During tlie past four weeks there had been weakness and numbness of the left 
arm, and a tingling sensation down to the finger tips. The symptoms were more pronounced at night and 
were markedly influenced bj’’cold. The cervical spine was tender to pressure. Active and passive movements 
in the shoulder joint were normal. The left brachial plexus was sensitive to pressure. No sensory or motor 
disturbances of any significance were noted in the arms, apart from considerable awkwardness in performing 
more delicate movements. On the left, the traijczius was tender. The sedimentation rate was normal. 

The anteroposterior roentgenogram (Fig. 2-A) showed bony atrophy of the bodies of the cervical 
vertebrae, particularly of the fifth. Lumpy uncovertebral osteophytes were seen on both sides of the sixth 
cervical body, and marginal proliferations at the lower surface of the fifth. There was thickening of the 
uncovertebral processes on both sides of the fifth cervical body. 

The left lateral roentgenogram (Fig. 2-B) showed loss of the normal curvature of the cervical spine. 
Spondylotic osteophytes were seen at the anterior edges of the fifth, si.xth, and seventh cervical vertebrae. 
There was narrowing of the posterior articulations. 

The left oblique view (Fig. 2-C) showed osteophytes at the lateral lips of the seventh cervical and first 
thoracic vertebral bodies, protruding into the intervertebral foramina between the sixth and seventh cervical, 
and between the seventh cervical and fii-st thoracic vertebrae. 

The diagnosis was spondylosis and arthrosis deformans with uncovertebral osteophytes. 

DISCUSSION 

In the case illustrated the presence of uncovertebral osteophytes and exostoses at the 
lower bevelled surfaces of the vertebral body suggests a primarily degenerative lesion of 
the underljdng narrow intervertebral disc. Krogdahl and Torgersen reported occurrence 
of rather large exostoses in conjunction with osteochondrosis [degeneration of the disc], 
exclusively “at the edges of the uncovertebral joints”. From this the}'’ conclude that the 
pathogenesis of these exostoses must necessarilj'’ be different from that established for 
osteophytes arising on the basis of marginal bony proliferation at ligament attachments. 
With this the author agrees. However, it should be borne in mind that arthrotic exostoses 
of the posterior articulations ma}'’ be co-existent with osteoph3''te formation on the basis 
of osteochondrosis. 

Characteristic of osteochondrosis of the cervical spine is the abnormal posture and 
reduced mobilit}'- of that part. Resulting abnormal mechanical conditions reduce the 
normal lordosis, and may occasionally lead to kyphosis. The majority of symptoms are 
caused by the excessive strain imposed on muscles and ligaments. Narrowing of the inter- 
vertebral foramina is caused b}^ ingrowth of the uncovertebral osteophjrtes, which may 
result in pressure on vessels and nerve roots at this site. These spicules are seen in oblique 
roentgenograms. The writer agrees with Giraudi that uncovertebral exostoses are more 
frequently the cause of nerve symptoms than are exostoses arising from the small posterior 
articulations as a result of arthrosis deformans. 

According to Krogdahl and Torgersen, the more anteriorly situated osteophytes of the 
uncinate processes may project into the canal of the vertebral artery, affecting the con- 
tained sympathetic fibers and the artery. These uncovertebral osteophytes, appearing 
in anteroposterior roentgenograms, are the cause of the cervical posterior sympathetic 
syndrome of Barre, consisting of headache, pressure behind the eyes, dizziness, tinnitus, 
earache, and dysphonia. Damage to the spinal cord from posterolateral uncovertebral 
osteophytes has not been observed. 

THERAPY 

In the treatment of osteochondrosis, much benefit is derived from the use of moist 
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heat or simple cotton bandages applied on the cervical spine. Antineuralgics or other 
analgesics are indispensable. The patient should be advised to rest his neck on a soft 
roll at night. In severe cases, injections of large doses of procaine solution into the af- 
fected plexus are occasionall}'^ successful. However, it is true that 10 per cent, of our cases 
did not jdeld to therapeutic measures. One patient, with considerable narrowing of sev- 
eral intervertebral foramina and with several exostoses probablj’- projecting into the right 
canal of the vertebral arteiy, did not show improvement even after two jTars of treatment. 
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THE RESULTS OF EPIPHYSEODESIS AND FEMORAL SHORTENING 
IN RELATION TO EQUALIZATION OF LIMB LENGTH 

BY L. RAMSAY STRAUB, M.D., T. CAMPBELL THOMPSON, M.D., AND 
PHILIP D. WILSON, M.D., NEW YORK, N. Y. 

From the Hospital for Special Surc/ery, New York 

FOLLOW-UP STUDIES 

Man.y methods have been proposed for the equalization of length of the lower ex- 
tremities. Most of these were of little more than theoretical value, because results were 
eitlier too slight or too uncertain. Others presented complications ivhich have made them 
unpopular. Into this group fall bone-lengthening operations, and possiblj’- growth arrest 
by irradiation. Two methods have been more generally accepted, because of theii 
relative simplicity and apparent effectivene.ss. Thej'^ are (1) epiplij'^seodesis (epiph 3 '’seo- 
diapltysial fusion) and (2) bone shortening, — principall}'- femoral shortening. 

It is our purpose in this studj'' to evaluate the results of these two operations as 
observed in a series of cases treated at the Hospital for Special Surgeiy. 

I. Epiphyseodesis 

The technique of epiphyseodiaply'^sial arrest used in this series is that described b}^ 
Phemister in 1933, with the exception that in most cases we tried to curette more of the 
epiphyseal cartilage. In addition, the remaining portion of the epiphyseal plate was 
thoroughly caute/ized with electrocauteiy. Weight-bearing without mechanical aids 
was generall}'- allowed at the end of three weeks. Immobilization in plaster-of-Paris was 
emplo 3 '’ed in onl}'- three of the four more recent cases. 

Method of Determining Age and Extent of Proposed Epiphyseal Fusion 

The proper timing of the operation vith respect to the patient's age, and the estima- 
tion of the expected growth of the two limbs, and of the discrepanc 3 '' that will result, 
constitute the most difficult and probably the most inaccurate part of the whole procedure. 
The method used here has been previous^'- described b 3 '' two of us It is based on the 
estimated percentage of limb length that is contributed b 3 ^ the growth from the upper 
tibial epiphysis (25 to 30 per cent.) and of the lower femoral epiph 3 '^sis (30 to 35 per cent.). 
The formula for calculation is: 


Expected Discrepancy 
Expected Growth 


equals the percentage of growth to be eliminated. 


The estimation of expected growth is usuall 3 '' based upon the measurement of the 
father’s or the mother’s limb length, depending upon the child’s sex. This is not an 
infallible guide, and it is general^ true that toda 3 ^ most children are taller than their 
parents. If we err in our predictions, it is likely to be because we underestimate rather 
than overestimate the amount. We also take into consideration the height of the child 
in relation to the average height of children of the same age, and an 3 '- information we ma 3 '^ 
be able to obtain of the parents’ height at the same age. 

For example, let us take a boy of twelve 3 ''ears of age with a postpoliom 3 mlitic involve- 
ment of one leg, but able to get about actiAmW without a brace. The limb length on the 
normal side is thirt 3 r inches and on the involved side twenty-eight inches. The boy is ol 


* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, 3^irginia, June 
)44 

t This study was aided by a grant from The National Foundation for Infantile Parah'sis, Inc. 
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average height for his age; his father’s height is seventy inches and his limb length thirty- 
six inches. Our prediction of expected growth is six inches and our formula is as follows : 

{Expected Discrepancy) 2 inches , 

i — equals S3 per cent. 

{Expected Growth) 6 inches 

In other words, we should eliminate 33 per cent, of the expected growth, which corresponds 
approximately to what we may expect from the lower femoral epiphysis, and we would 
perform an epiphyseodiaph 3 'sial fusion. If we fused the upper tibial epiphysis, we would 
obtain too little correction, and if we fused both the lower femoral and upper tibial epiphy- 
ses, we would obtain too much correction (55 to 65 per cent.). 

This method of prediction is not entirety accurate; perhaps no method is. We have 
had no experience with the method of Abbott and Gill. As will be seen, there are manj-^ 
individual variations in bone growth, and factors of sex and age of attaining sexual matur- 
ity may also be important. 

Method of Measurement 

The measurements of limb length upon which the stud 3 ’^ is based were made by use 
of a tape, measuring from the anterior superior spine of the ilium to the medial malleolus, 
checked b 3 ’^ trial of different elevations of knowm height under the short limb in the stand- 
ing position. While we realize the variation of measurements b 3 ^ different surgeons 
making use of the same bon 3 ^ landmarks, we believe that there wall be little variation in 
the net difference betw'een the length of the legs, which is of chief importance. We 
experimented with roentgenographic measurements of both limbs, made on double-length 


TABLE I 


CoxDiTioxs Causing Discrepant in Leg Length 


Condition j 

1 Xo. 
lof Cases 

1 

1 Condition 

No. 

of Cases 

Poliomyelitis 

I 68 

Congenital deformities 

2 

Epiphyseal m]ur 5 

i 1 

Congenital co\a A'ara 

2 

Compound fracture 

1 

Congenital pseudarthrosis 

3 

Tuberculosis of hip 

1 

Congenital dislocation of Iiip 

2 

Osteomyelitis 

9 

Congenital shortening 

1 

Hemangioma 

1 1 

Spina bifida 

1 

Osteitis fibrosa cystica 

2 , 

Sp.astic hemiplegia [ 

1 

Lipo^arcoma 

1 

1 

Total j 

89 


TABLE II 

An ala -.is of Operations 



1 

Xo 

1 Tyjxj of nj)ipliy« 

;code-is 






Total 

' Oi)cr.ilioii' 

Etiologj 

of 

' Case" 

1 

r emoral 

Tibnl. 

Pibuhr 

All 

EpipIlA-C' 

Poliomyelitis 

1 GS 

24 

40 

1.5 

79 

Other etiologA’ 

' 21 

.5 

s 

11 

24 

Totals 

89 

29 

48 

26 

lot 
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TABLE III 
Clinical Evaluation 


Results 

Cases 

Per cent. 

Good results (discrepancy of 2 centimeters or less of anticipated gain) 

40 

49.4 

Mediocre (some incomplete) 

21 

25.9 

Poor (discrepancy of over 3 centimeters or gain not realized) 

20 

24.7 

No clinical data 

8 



1 



films with a metal rule strapped to one thigh to serve as an index to the amount of magni- 
fication or diminution, but concluded that the margin of error was unimportant. In cases 
of pelvic as 3 '’mmetry, even roentgenographic measurements may be inaccurate, and in 
such cases the best method is that of tiying elevations of different height under the 
foot. 

Review of Cases 

From 1935 to January 1942, 103 epiphyseodesis operations were performed on eighty- 
nine patients at the Hospital for Special Surgery. In sixty-eight cases the etiological 
factor in the discrepancy of limb lengths was poliomyelitis. In twenty-one cases other 
etiological factors were responsible (Table I). (This latter group are hereafter referred 
to as non-paralytic cases.) It will be noted in Table II that in twenty-nine cases the 
femoral, and in forty-eight cases the upper tibial and fibular epiphyses alone were fused. 
In twenty-six cases all the epiph)'’ses about the knee were fused in one stage, representing 
22 per cent, of the poliomyelitic cases and 52.4 per cent, of the non-paralytic cases. This 
difference indicates that the actual or expected discrepancy was generally greater in the 
latter group. In thirteen of the cases all epiphyses were closed, but in two operations at 
different times. In these cases there was generally uncertainty as to the expected dis- 
crepancy, and the second operation became necessary when the first proved inadequate. 
This occui’red in ten instances in the poliomyelitic group, while it happened in only three 
cases in the non-paralytic group (Table II). 

The age at time of operation ranged from six years to fifteen years; there being only 
one patient of six, none of seven, and seven of eight years of age. The largest groups 
were in the ninth, tenth, and eleventh years. 

The period of follow-up extends from one to eight years, averaging three and two- 
tenths years. 

evaluation of results 

Evaluation of epiphyseodesis in this series was open to the following sources of error: 

1. Lengths of extremities determined by clinical measurement were used as a check 
on the operation, and of necessity were frequently made by different clinicians with 
variable results. Roentgenographic measurement was used in some cases, but this 
seemed to offer no real advantage. 

2. In many cases the operation was performed to arrest or to retard an increasing 
discrepancy, rather than to gain true equalization of limb length. Follow-up measure- 
ments may show no correction of discrepancy, and yet the result may well be considered 
good. This is especially true in the non-paralytic series. 

3. Occasionally operations were performed following epiphyseodesis for the purpose 
of increasing joint stability or correcting deformity, and these operations may have altered 
limb lengths, or affected the accuracy of mensuration to some extent. 

There are two methods of evaluating the results. The first is to consider them from 
the standpoint of a final discrepancy of two centimeters or less, which can be easily cor- 
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TABLE IV 

Analysis of Results or Operations 


Results 

Polio- 

myelitis 

Other 

Etiology 

A\ crage 
Age, 
Female 

A\ erage 
Age, 
Male 

All Epiph- 
jses 

Tibial j 
and 

Fibular 

Fem- 

oral 

Totals 

Good results (75 per cent correc- 
tion or better) 

Mediocre or incomplete (25 to 75 

1 15 

3 

10 2 

10 8 

: 8 

7 

3 

18 (22 7 per cent ) 

per cent correction) 

24 

8 






32 (40 5 per cent ) 

Poor (25 per cent or less correction) 
Deformity requinng operati\e cor- 

17 

4 

11 

13 6 

9 

6 

6 

21 (26 5 per cent ) 

rection 

8 







8 (10 1 per cent ) 

Sbght deformitj , no correction re- 









quired 

7 







7 

Total deformities 








15 (16 8 per cent ) 

Not sufficient data or corapbcated bj other factors 






10 

! 


.rected by a small shoe elevation. In general, so slight a discrepancy ma 3 ’^ be considered 
a good result. Included in this group are those cases in which the purpose of surgeiy was 
merely to prevent an increase in discrepancy, when the anticipated result was obtained. 
This then is a clinical evaluation. 

The second method is to use the percentage of discrepanc 5 ’^ attained as a basis of 
evaluation. This permits a mathematical estimation of the perfection of the operation 
and of the accuracy of the method of prediction, but does not necessarily reflect the actual 
clinical result. In this method we have arbitrarily considered a correction of discrepancy 
of 75 per cent, or better as a good result, while 25 per cent, or lower is graded as poor. 
Corrections which fall between 25 per cent and 75 per cent, are considered mediocre, or 
in some cases incomplete results. 

Though not precisely true, we have considered growth of the extremities complete at 
fourteen years in females and at sixteen in males. According to this standard, eighteen 
of the eighty-nine patients were still growing at the time of evaluation, and the results 
may be considered still incomplete. 



Fig 1-A Lig. 1-B 

Case A.Y. Illu'jtr.itini; Joformity of medul condjlo of tibia follow inn cinphy-i'al arU'C 
Fig l-.V No\emlKrO 1939 Fip 1-H March 1, 1913 
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Evaluation by First Method (Clinical impression) 

Employing the first method — namely, a final discrepancy of two centimeters or less 
plus the cases in which an anticipated goal was attained — forty cases or approximately 
50 per cent, came within the desired result. Ten were in the non-paralytic group. Bj'- 
sexes, the group Avas evenly divided. Of the thirty poliomj’-elitis cases here included, onl}'- 
one had so slight a discrepanc}" as two centimeters preoperativeljL In eight cases ob- 
sei'A'^ations ivere insufficient. Percentages in this method are, therefore, based on a total of 
eighty-one cases (Table III). While considering clinical results, it ivould be udse to 
discuss the deformities of growth resulting from operation and requiring operative 
correction. 

Deformities resulting from unequal arrest of growth of all parts of the epiphysis con- 
stitute a serious hazard, especially in elective surgery (Fig. 1). The deformities usuallj'- 
developed within one 3 '-ear folloudng operation. Those so severe as to warrant further 
corrective surgery were classed as poor clinical results, even though the final result may 
have been good. In eight cases, or 10.1 per cent, of the series, the deformities Avere severe 
enough to require corrective operations. In another seven cases, deformities AA^ere noted, 
but they Avere not severe enough to require operative correction, and did not affect the 
final result. They do, hoAi'^eAmr, emphasize the risk of this complication. Therefore, a 
total of 16.8 per cent, of this group of patients shoAA'-ed some deformity resulting from 
epiphyseodesis. Of these, seven patients shoAved A'-algus; and six patients, varus deformi- 
ties. In one case the type of deformity AA'-as not recorded. In the remaining case, a 
seAmre double deformity deA'-eloped, Avith varus of the loAA'’er femoral and valgus of the 
upper tibial epiphyses. 

We beheAm that most of these deformities of groAvth resulted from faulty operative 
teclinique, especially in the preparation and placing of the bone grafts. The facts that 
most of these cases did not have plaster-of-Paris immobilization, and that early AA^eight- 
bearing AA^as permitted may have been contributory factors. In only one case AA^as ex- 
cessive correction obtained. This patient AA^as a boy AA'ith poliomj^elitis, Avho had had the 
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upper tibial and fibular epiphyses fused at the age of eleven j'ears when the discrepancy 
was 1.5 centimeters. At the age of fifteen years the length of the short leg e.\ceeded that 
of the leg operated upon by one centimeter, but this difference was well within the range of 
a good result. 

Evaluation by Second Method (Percentage of correction of discrepanc3' attained) 

This stricter method, as was said before, reflects more the accuracj' of the method of 
prediction than the success of the result from a clinical standpoint. Eighteen cases, or 
22.7 per cent, of the series, were rated as good results, — that is, they obtained a correc- 
tion of 75 per cent, or better of theh preoperative discrepanc3’' (Table I\*). 

Insufficient correction of discrepancy as seen in Table R’ was obtained in twent3'-one. 
or 26.5 per cent., of the cases Of this group, sixteen, or 76 per cent., were female, and 
five were mate. 

It was noted in most of this group of cases that either the operation was done too late, 
or too little was done. Epiphyseodesis after eleven 3'ears in the female and after twelve 
to twelve and a half years in the male is of questionable value. In this group of poor 
results, seven females were over eleven 3’ears; three males were over twelve 3'cars. Of 
these ten cases, total epiph3^seodesis vas done in seven. 

While this rule applies for the great majority of cases, there are marked individual 
variations in both directions This is illustrated b3" the following ca-'Cs: 

C\SE 1. .A.. S , a girl, twelve >ears old h.id had jioliomjeliti' -■MI epipln-c-- wore rio-cd .at twehe 

years and four months. Ulien thirteen year-, ^eten months old -he had gamed 2 .5 centimeter- and limb 
lengths were equal. 

Little or no correction should have been expected at this age. but equalization w.as 
obtained (Fig. 2). 

C\sE 2. A. C.. a girl of twelve \ear- had suffered from o-toiti- fibro-a cj-tica .^lic Ind all cpipb\-c^ 
closed at twelve\c.aV.. but within two jear- she had rom}iletoh overcome a discrepaiic\ of 3 1 ccntimo;, r- 
(Hg. 3). 
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These tivo cases represent marked variations from tiie average in a desirable direction. 
However, the opposite more frequently seemed to occur. 

Case 3. M. A. was a poliomyelitic case. The girl liad all epiphj'ses about the knee closed at eleven 


I_EG GROWTH IN OREIRATEID CAfCJ CO/VPARE.D TO NORAVU- G130WTH' 

lO YEIAR. G-ROUP 


h/orrrx'a.l rr^^lc growfH « 
fomeilc growth. — — — 
£LpipK^xode^i5 ® 
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Fig. 5 (Table V) 
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years. At fourteen her discrepanc 3 " remained the same, and her limb lengths had not increased perceptiblj-. 
She was short and of a Mediterranean race (Fig. 4). 

There were a number in the group who conformed to this general picture, and in whom, 
failure was encountered. This would lead to the conclusion that race might be an im- 
portant factor. An anatysis of the poor results, however, revealed that the group 'was 
almost evenlj’- divided between Nordic and Mediterranean types. However, the female 
patients mentioned above were of a phj^sical type that attains secondary sex characteristics 
earty, and it was our personal observation that usuall5'' little growth could be expected in 
these individuals. These cases, then, together with others previously mentioned in which, 
good results were obtained, serve to illustrate variations in growth, which make the usual 
methods of prediction inadequate. The extent of these variations can best be illustrated 
by the following analyses; 

Group I 

Females, twelve or thirteen j'ears of age at operation. 

(Ten were poliomyelitic cases and six were non-paralytic.) 

Five made no gain. 

Four gained approximateb' 25 per cent. 

Two gained approximately 50 per cent. 

Two gained approximately 100 per cent. 

In three cases, no follow-up data were available. 

Group II 

Males, thirteen oi fourteen j’ears of age at operation. 

(Seven were poliomj’elitic cases and four were non-paralytic.) 

Two made no gain. 

Two gained approximately 25 per cent. 

Four gained approximately 50 per cent. 

One gained approximately 100 per cent, (lower femoral). 

In two cases no foUow-up data were available. 
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Of these cases in Group II, the two that showed no gain had all epiphj'-ses closed; 
while in the one perfect case only the lower femoral epiphysis was operated upon. 

One of the most interesting cases in the series was the following: 

Case 4. E. B., a girl, eight years old, was first seen in the Out-Patient Department on August 15, 1934, 
with an e.vtensive deep hemangioma of the left leg. She Avas referred to another hospital for treatment by 



Fig. S (Table VIII) 
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Fig. 10 (Table X) 


irradiation. The recorded limb lengths were: right, C5.2 centimeter? (24.4 inches); left, C>7.o centimeter? 
(27 inches). She was given x-ray irradiation to all (he epiphyses of the left tibia .as this was the area of length- 
ening. Treatments were carried out through 1935 and 193G. In 1937 both limbs were recorded .as equal in 
length at 76.5 centimeters (30.6 inches). The child was then eleven. In .I.anuary 19.39. it w.as noted that 
the length of the right leg e.xceeded that of the left by 2 centimeters. It was found (hat in the two previous 
years the patient had grown 9.5 centimeters on the right and only 7.5 centimeters on the left. Even though 
the patient was then thirteen years old, on -\pril 12, 1939, a total cpiphyseodesis w.as done on the right krua-. 
The following measurements recorded on FcpteinlxT 9. 1940, show that a good result w.a? obt.aine<l: 
Preoperativc length — Right: S4 centimeter? (33.G inches); I>eft: S1.5 centimeters (32.0 incle-s). 
Postoperative length — -Right: S5 centimeters (34 inches); I^cft; S4.2 centimeters (3.3.7 inches). 
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II. Femoral Shortening 


Since January 1938, nineteen shortening operations have been performed. Eightee 
of these were shortening of the femur; there was one shortening of tibia and fibula. J 
nine cases the cause of the discrepancy was poliom 3 '-clitis; in four cases osteomyeliti 
single cases were caused by fibrous d 3 rsplasia of bone, congenital shortening, slippe 
femoral capital epiph 3 ’-sis, tuberculosis of the hip, osteochondritis juvenilis, and congenit 
dislocation of the hip. Nine were males; ten females. Two of the males had had prev 
ous epiph 3 ^seodeses, one at thirteen 3 '-ears and six months, the other at fourteen year 
One female had had an epiph 3 ^seodesis at thirteen 3 ''ears without benefit. 

The technique of the femoral operation was a long oblique osteotomy, done in ever 
case through Henry’s anterior incision, with overlapping of the bone ends (Fig. 11 
In the first case (D. E.) internal fixation was obtained b 3 '’ Steinmann pins transfi.xing tl 



Fig. 11 

Case R.C., July 1, 1942. 


fragments, and kangaroo tendon. In all othi 
cases, internal fixation was secured by the use c 
several vitallium screws fastening the fragmeni 
together. External fixation, usuall 3 '- a plaste 
spica, was used in all cases for eight weeks 
Weight-bearing ivas generall 3 ^ permitted a 
twelve weeks. 

The age range at time of operation wa 
thirteen and a half 3 ’-ears to fort 3 ’'-two years 
The follow-up pei’iod was from six 3 '’ears t( 
twelve weeks. 

The average correction obtained at operatioi 
was 4.7 centimeters (IJ^ inches). The greates 
correction obtained was 5.7 centimeters (2^ 
inches); the least 3.5 centimeters (1^ inches). 

There were no non-unions or malunions 
There were complications in three cases (15.1 
per cent.), but in all cases the final result was 
satisfactory. 

1. C. L., female, nineteen and a half years old, had 
suffered from osteom}’’elitis of both hips, with resulting 
femoral shortening of 4.5 centimeters (IJ^ inches). A 
postoperative wound infection with draining sinuses de- 
veloped, and one year later it was necessary to remove 
vitallium screws and e.\'cise the sinus. Tlois resulted in 
healing, and correction was maintained. This infection 
might have been anticipated, since both femora had been 
involved in the osteomyelitis. 

2. B. C., male, fourteen years old, had probably 
suffered atypical fibrous dysplasia of bone,^ although the 
diagnosis was uncertain. Shortening of 5.7 centimeters 
(2M inches) of the left femur (the good limb) was performed 
on December 15, 1943. Postoperatively, the temperature 


rose to 101 degrees. There was continuous slight serous, non-purulent discharge from the wound. The 
cultures showed bacillus subtilis and staphylococcus albus. On February 5, 1944, the operative wound was 
opened widely, but abscess or deep infection was not found. Tlie draining sinus continued until March 1, 
1944. The boy was discharged well on March 10, 1944, and had no further trouble. 

3. G Me., female, forty years old, had congenital dislocation of the right hip. Shortening of 5.7 
centimeteis (2H inches) of the left femur was done on July 6, 1943. The patient was unable to overcome 
the stiffness of the left knee after the plaster was removed. The pointed spike of the pro.vimal fragment of 
the femur penetrated near to the suprapatellar pouch, and a calcified hematoma formed in this area, vdiich 
required surgical excision on April 13, 1944. The patient recovered fle.xion to an angle of ,0 degrees (Figs. 

12-A, 12-B, and 12-C). 
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SUMMARY 

I. Epiphyscodesis: 

1. From the standpoint of the percentage of correction of the original discrepancj’" 
of limb length, onlj’^ 20.7 per cent, of the results were classed as excellent (75 per cent, or 
more correction), and 23.1 per cent, of the results were poor (25 per cent, or less correction). 
This is chiefly a reflection on the timing of the operation and the selection of the epiphyses 
to be fused. 

2. From the clinical standpoint, satisfactory results (final discrepancy of 2 centi- 
meters or less) were obtained in 50 per cent, of the cases. 

3. While, on the basis of our results, it is generall 3 ’- a mistake to perform epiphyseode- 
sis for the correction of shortening in a female after the age of eleven years, and in a male 
after twelve and a half years, there were cases in our series which demonstrated that this 
is not always true. These exceptional cases tended to prove the inaccuracy of anj’- method 
of predicting bone growth. 

4. The development of bone deformities from unequal arrest of epiphyseal growth 
following operation was found in 20.7 per cent, of the cases. In eight cases, or 9.7 per 
cent., these deformities were too slight to affect the final result. Thej’^ serve to emphasize 
the risk of the operation and the necessity for thorough fusion of the epiph 5 rses. 

II. Femoral Shortening: 

1. Shortening of the femur by a simple, satisfactoiy technique was performed in' 
nineteen cases, with ages ranging from thirteen and a half to forty-two j’-ears. 



Fia. 12-A Fig. 12-B Fig. 12-C 


Cii-'c G. Me.: ScptemlKT 1, 1943. rcbru:m‘ 7, 1944. 7. 1944. 
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2. Tlic average correction obtained in this group was 4.7 centimeters (J^ inches). 
There were no instances of dela3md union, malunion, or non-union. 

3. Complications occurred in three ca.ses. Two patients had postoperative infee 
tions, one transient and the other requiring secondaiy surgeiy. Both cleared up wit 
final good results. The third was a localized calcifying hematoma, causing limitation c 
knee flexion. A good result ivas obtained, following excision of the calcified mass. 

CONCLUSIONS 

1. The problem of equalization of limb lengths is a complicated one. No one pro 
cedure will provide the solution for all cases. Each case must be carefully studied, am 
surgeiy should not be undertaken without consideration of the risk involved. Epiphy 
seodesis, while apparently a simple and mild surgical undertaking, is irreversible an( 
presents certain dangers which must be weighed in the balance. The possibility of sever 
growth deformity is the most important of these, and illustrates the need for meticulou 
and thorough technique during surgeiy itself. We also feel that, following operation, thi 
healing epiphysis should be protected for a longer period than we have used. 

2. In the selection of cases and of age for operation, the method used has provec 
satisfactoiy, but is nonetheless still inaccurate in some cases. The development of ac 
curate methods for exact prediction of bone age is needed. Race does not seem an im 
portant factor in growth prediction, but early’- sexual maturity^ especially’- in girls, is c 
probable contra-indication to epiphy^seodesis. Operation after the age of eleven in girlf 
and twelve and a half in boy’s will avail but little in the average case. There were certair 
cases in this series, however, where splendid results were obtained later, usually’- in thal 
group in Avhich the development of secondaiy sex characteristics was delayed. 

3. The operation is of particular value in y'-oung patients where the discrepancy’ b 
increasing rapidly, and a considerable difference in the length of the two extremities would 
be normally’ expected. In such cases, epiphy’seodesis alone may’ suffice, or a femoral- 
shortening operation may’ be done later. 

4. The use of epiphy’seodesis is, of course, restricted to those still growing. 

5. Femoral shortening is an exact procedure with a definitely’ predictable result. 
It is the only’ operation useful when growth has been completed. It presents a relatively 
simple surgical problem ivith a smaller percentage of complications than from epiphy’- 
seodesis. Its primary’ limitation is the maximum correction obtainable, about three 
inches. 

6. The disadvantage of both epiphy’seodesis and femoral shortening is the i-eduction 
of total height of the individual, which in persons of short stature is not desirable. 
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CLOSED jMAXIPULATION FOR THE REDUCTION OF FRACTURES OF 
THE NECK OF THE RADIUS IN CHILDREN 


BY RAPHAEL E. GOLDENBERG, M.D,, F.A.C.S., PATERSOX, NEW JERSEY 

In the treatment of fractures of the neck of the radius in children, where the dis- 
placement is marked, manj'^ authorities *■' believe that only two methods are likelj^ 
to give satisfactory results, — either excision of the capital fragment or open reduction. 
Sutro found that excision of the radial head may lead to overgrowth of the shaft of the 
radius. In the writer’s experience, overgrowth of the radial shaft occurred in several 
instances and caused subsequent limitation of elbow motion. 

In 1934, Patterson introduced a simple and effective manipulative technique for the 
reduction of fractures of the neck of the radius in chDdren. The Patterson manipulation 
is performed vith the elbow extended and the forearm supinated, an assistant exerting 
strong proximal traction on the arm. When the patient’s left elbow is affected, the 
surgeon’s right hand grasps the patient’s left forearm just proximal to the wrist joint, and 
^ maintains strong distal traction on the supinated forearm. The surgeon’s left hand is 
placed about the patient’s medial humeral condjde, and firm lateral pressure is exerted. 
Then the forearm is slowlj’^ forced medially until the carrying angle is reversed, thus 
opening the lateral joint space. If the fragment is displaced posteriori}^ the surgeon’s 
left index and middle fingers are used to replace the fragment. If the fragment is dis- 
placed anteriorly, then the surgeon’s left thumb is used for replacement of the radial head. 

These fractures usually occur between the ages of five and thirteen. In each of the 
four cases to be described, the injury was caused bj’- a fall on the outstretched hand. The 
force is transmitted along the radius and impacts the head against the capitellum. The 
head is held firmly by the annular ligament, and the proximal portion of the shaft is secured 
by the supinator and the biceps brachii muscles. The fracture occurs at the weak. 


268 


E. n. GOLDENBEKG 




THE JOUnNAL OI’ BONE AND JOINT SURGERY 


riG.“2-A ^ „ 

Case 2. Fracture of the neck of the radius before reduction Fracture of the neck of the radius after 
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Fig. 2-C 

Fracture of the neck of the radius fourteen weeks after reduction. 


unprotected neck of the radius. The proximal fragment is displaced outward and 
forward. Occasionally the fragment is displaced outward and backward. 

The manipulation is performed under general anaesthesia and roentgenographic 
control. Immediately after reduction, roentgenograms are made. Reduction is complete 
when the articular surfaces of the radius and capitellum are parallel. (In the event that 
reduction has been incomplete, a second and even a third attempt should be made. In 
Case 2, three attempts were necessary before a satisfactory reduction was obtained.) 
The extremity is immobilized in plaster for three weeks, with the elbow held in 90 degrees 
of flexion and the forearm in complete supination. 

CASE REPORTS 

Case 1. S.M., aged eight, sustained a fracture of the neck of the right radius on April 30, 1941. Under 

general anaesthesia the fracture was reduced by the Patterson manipulation. The elbow was immobilized 
in plaster for three weeks in 90 degrees of flexion, with the forearm in complete supination. On .Inly 17. 
1941, eleven weeks after reduction, there was a complete and painless range of motion of the right elbow and 
forearm. Roentgenograms (Fig. 1) made on September 14, 1944, show no evidence of the fracture. c\-rcpt 
the subperiosteal ossification of the neck of the radius as seen on the lateral xucw . ) 

Case 2. R.E.B., aged seven, sustained a fracture of the neek of the right radius on June IG, 191) The 

patient was first seen on the following day. Under general anaesthesia the fracture was manipulated and 
reduced by the Patterson manoeuvre Figures 2-A and 2-B show the position of the proximal fniimient 
before reduction (outward and backward displacement), and the complete replacement of the fragment 
immediately after reduction. The articular surfaces of the radial bead and the capitellum wore ]>ar.dlcl. 
The elbow w.as immobilized in plaster, .as dcscnbed in Case 1, and the plaster w.os worn for three weeks The 
patient w.as last examined on September 21, 1944, fourteen weeks after manipulation. .“She presented a. 
complete and painless range of motion of the elbow and forearm. 

C.ase 3. J.M., aged six, sustained a fracture of the neck of the left radiu= on .Tune 20. 1011 Treatment 
already described w.as employed, and Figures 3-.\, 3-B, and 3-C show the fracture liefore and after reduction. 
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Fig. 3-C 

Fracture of the neck of the radius fifteen weeks after reduction. 


The patient was last examined fifteen weeks after manipulation. He presented a complete and painless 
range of motion of the elbow and forearm. 

Case 4. H.R., aged nine, sustained a fracture of the neck of the left ladius on June 21, 1944 (Fig. 4-A). 
The fracture was reduced four hours later under general anaesthesia by the Patteison manipulation. Figuie 
4-B, made immediately after reduction, shows the improved position of the displaced proximal fragment, but 
complete reduction has not been obtained. The articular surfaces of the radius and the capitellum wore not 



Fig 1-A 

C.i'-c !. Fnictiirc of the nock of the radui' b'-fore reduction 
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Fig. 4-B 

Fracture of the neck of the radius after i eduction. 



Fig. 4-C 

Fracture of the neck of the radius fourteen weeks after i eduction. 

quite parallel. The elbow was immobilized in plaster for thiee weeks in 90 degiees of fle.xion with the fore- 
arm in complete supination. The patient was last e.\amined on September 20, 1944. He did not complain 
of pain. Pronation and supination were complete, but there was 5 degrees of limitation of flexion and ex- 
tension. Figure 4-C, made on September 29, 1944, shows that the improved position has been maintained 
fourteen weeks after manipulation. It is to be noted that the articular surfaces of the radius and the capitel- 
lum are not completely parallel. 
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SUMMARY 

1. Four cases are reported of fracture of tlie neck of the radius in children with 
dispiacement of the proximal fragment in which satisfactory results u^ere obtained the 
Patterson manipulation. 

2. It is recommended that this conservative treatment be tried in all similar cases 
before operative intervention is undertaken. 

3. Eveiy effort should be made to secure complete reduction. When the dis- 
placed fragment has been completelj'' replaced, as evidenced by the parallel positions of the 
articular surfaces of the radius and the capitellum, complete motion is restored. When 
reduction has been incomplete, there is some residual limitation of motion, as in Case 4. 
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WIRE FIXATION IN ACROMIOCLAVICULAR DISLOCATION 

BY F. A. BLOOM 

Lieutenant Commander, Medical Corps, United States Naval Reserve 
From United States Naval Hospital, San Diego, California 

Any inflexible immobilization used in the treatment of acromioclavicular dislocation 
should be of a temporary nature, since permanent rigid fixation of this joint, either bv bony 
ankylosis or by the introduction of a foreign body into the tissues, is difficult to obtain 
and, when achieved, results in a disability as great as, or greater than, that which accom- 
panies an unstable articulation. 

Recent studies i on shoulder-joint function have clearly demonstrated the rca.«on for 
the failure of operative procedures which attempt to make an unyielding union between 
the clavicle and the acromion. It has been shown that the clavicle, in addition to other 
motions usually attributed to it, rotates on its long axis up to 45 degrees when the arm is 
abducted to 180 degrees, and that restriction of the clavicular rotation may cause an in- 
hibition of abduction at the shoulder joint even in the early phase,s of this motion. 

In 1940, Alurray reported a closed method of temporary wire fixation in acromio- 
clavicular dislocations, and later Phemister modified the procedure by u-'ing threaded-wire 
fi.xation, combined with an open reduction. It is the purpose of the pre.<ent paper to add 
to this method a simple means of maintaining reduction while the wire.^ are being intro- 
duced, and to report on twenty patients treated in this way at the United States Naval 
Hospital in San-Diego. 
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The degree of instability of the dislocations was varied, but in every instance there 
was definite disabling relaxation of the joint. In four patients, there was sufllcient re- 
laxation of the clavicle to determine that the coracoclavicular ligament had been com- 



Fig. 1 Fig. 2 

Fig. 1 : Placenicnt of drill holes for towel clamp. 

Fig. 2: A speciallj’' designed instrument replacing the towel clamp, maintaining reduction during the 
procedure. One-eighth inch Steinmann pins are used. 
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TABLE I 

First Twelve Cases 


Number 

Name 

Date of Injury 

Days Between 
Injury and 
Fixation 

Duration of 
Fixation 
(Days) 

Interval Between Removal 
of Pins and Last Check-up 
(Days) 

1 

G.J.K. 

Oct. 7, 1943 

2 

73 

327 

2 

F.L.R. 

Oct. 20, 1943 

6 

55 

328 

3 

M.M.W. 

Feb. 8, 1944 

24 

61 

249 

4 

J.M.V. 

Fob. 11, 1944 

4 

48 

283 

5 

F.M.S. 

Feb. 18, 1944 

1 


266 

6 

M.E.N. 

Mar. 26, 1944 

9 


213 

7 

J.F.S. 

Mar. 29, 1944 

3 

61 

225 

8 

J.(n)T. 

Apr. 5, 1944 


66 

105 

9 

M.M.B. 

Apr. 25, 1944 

4 

66 

285 

10 

D.R.B. 

June 3, 1944 

5 


154 

11 

F.I.G. 

June 22, 1944 

2 

' 58 

152 

12 

H.J.D. 

June 23, 1944 

1 

53 

145 

Average 



7 

61 

228 


pletely ruptured; while in one shoulder, the relaxation was so complete that it could be 
determined that all ligamentous and capsular structures on the distal third of the clavicle 
had been severed. 


PROCEDURE 

A general anaesthetic was used since it was thought that the injection of a local 
anaesthetic would distort the tissues and complicate the procedure. 

The shoulder is prepared for the application of wires in the usual manner. A drill 
hole, 3/32 of an inch in diameter, is made through the superior cortex of the clavicle, one- 
half inch from the distal end. The hole is made at an angle of 45 degrees to the surface of 
the bone directed from the medial aspect laterally. A similar hole is drilled into the 
acromion opposite the joint, with the drill directed from the lateral aspect mediallj’- 

(Fig- 1). 

The points of a towel clamp are inserted into the holes and held in position by a rub- 
ber band wound through the finger rings, with the loops hooked over the projecting snap 
lock. No attempt should be made to completely close the clamp. A more elaborate in- 
strument was designed for this purpose (Fig. 2), and it has some advantages over the towel 
clamp and rubber band. By leverage on the clamp it is now an easy matter to place the 
clavicle and acromion in their normal relationship. While holding this position, a 
3/32-inch pointed stainles.s-steel wire, nine inches long, is drilled from lateral to medial 
through the anterior portion of the acromion, across the joint space and down the 
medullary canal of the clavicle, for about one inch (Fig. 3). Roentgenograms in the an- 
teroposterior and axillaiT projections are made at this time to check the accuracy of reduc- 
tion and placement of the wire. (After experience with the procedure thc.se control 
roentgenograms may be omitted. However, it is strongly urged that on the first few at- 
tempts, both views of the joint be taken.) A second wire is then inserted through the 
acromion, three-fourths of an inch po.sterior to the first. This wire is directed so that it 
also passes acro.ss the joint into the distal end of the clavicle. (At first some difficulty will 
be encountered when the wires are started into the flat, tapered, lateral edge of the 
acromion, but after a few trials this difficulty is overcome.) When the wires are in jilace, 
they are cut as short as possible by forcing the skin down with the bhides of the cutter 
(Fig. -t). Two months later these wires arc removed under a local anae-thctic through a 
-small stab incision. 
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The degree of instability of the dislocations was varied, but in every instance there 
was definite disabling relaxation of the joint. In four patients, there was sufficient re- 
lax&tion of the clavicle to determine that the coracoclavicular ligament had been com- 




Fig. 3 

Fi"-. 3: Anteroposterior check for position of first wire. 

Fig. 4: Completed fixation with wires cut beneath the skin surface. 
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TABLE I 


First Twelve Cases 


Number 

Name 

Date of Injury 

! I 

Da 3 's Betivecn 
Injury and 
Fixation 

Duration of 
Fixation 
(.Days) 

Interval Between Removal 
of Pins and Last Cheek-up 
(Days) 

1 

G.J.K. 

Oct. 7, 1943 

2 

73 

327 

2 

F.L.R. 

Oct. 20, 1943 

C 

55 

328 

3 

M.M.W. 

Feb. 8, 1944 

24 

61 

249 

4 

J.M.V. 

Feb. 11, 1944 

4 

48 

283 

5 

F.M.S. 

Feb. 18, 1944 

1 

62 

266 

6 

M.E.N. 

Mar. 26, 1944 

9 

63 


7 

J.F.S. 

M.ar. 29, 1944 

3 

61 

225 

8 

J.(n)T. 

Apr. 5, 1944 

20 

66 


9 

M.M.B. 

Apr. 25, 1944 

4 

66 


10 

D.R.B. 

June 3, 1944 

5 

61 

154 

11 

F.I.G. 

June 22, 1944 

2 

58 

152 

12 

H.J.D. 

June 23, 1944 

1 

53 

145 

Average 



7 

61 

228 


pletelj’^ ruptured; while in one shoulder, the relaxation was so complete that it could be 
determined that all ligamentous and capsular structures on the distal third of the clavicle 
had been severed. 


PROCEDURE 

A general anaesthetic was used since it was thought that the injection of a local 
anaesthetic would distort the tissues and complicate the procedure. 

The shoulder is prepared for the application of wires in the usual manner. A drill 
hole, 3/32 of an inch in diameter, is made through the superior cortex of the clavicle, one- 
half inch from the distal end. The hole is made at an angle of 45 degrees to the surface of 
the bone directed from the medial aspect laterally. A similar hole is drilled into the 
acromion opposite the joint, with the drill directed from the lateral aspect mediallj’’ 
(Fig. 1). 

The points of a towel clamp are inserted into the holes and held in position by a rub- 
ber band wound through the finger rings, with the loops hooked over the projecting snap 
lock. No attempt should be made to completely close the clamp. A more elaborate in- 
strument was designed for this purpose (Fig. 2), and it has some advantages over the towel 
clamp and rubber band. By leverage on the clamp it is now an easy matter to place the 
clavicle and acromion in their normal relationship. While holding this position, a 
3/32-inch pointed stainless-steel wire, nine inches long, is drilled from lateral to medial 
through the anterior portion of the acromion, across the joint space and down the 
medullary canal of the clavicle, for about one inch (Fig. 3). Roentgenograms in the an- 
teroposterior and axillary projections are made at this time to check the accuracy of reduc- 
tion and placement of the wire. (After experience with the procedure these control 
roentgenograms may be omitted. However, it is strongly urged that on the first few at- 
tempts, both views of the joint be taken.) A second wire is then inserted through the 
acromion, three-fourths of an inch posterior to the first. This wire is directed so that it 
also passes across the joint into the distal end of the clavicle. (At first some difficulty will 
be encountered when the wires are started into the flat, tapered, lateral edge of the 
acromion, but after a few trials this difficulty is overcome.) When the wire.s are in place, 
they are cut as short as possible by forcing the skin down with the blades of the cutter 
(Fig. 4). Two months later these wires are removed under a local anae.sthetic through a 
small stab incision. 
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The men were advised not to use the shoulder in strenuous exercises, but no form oi 
external immobilization was applied. It was known that several of the patients under- 
took rather severe types of physical exertion during the period of fixation, but few ill ef- 
fects were noted. 

RESULTS 

In Case 15 the wires broke at the end of fifty- two days, and it was necessary to re- 
move the proximal portion of the wires through an incision over the outer end of the 
clavicle; however, when the patient returned to full duty two months later, the joint was 
stable and painless. In approximately 25 per cent, of the cases, the wires loosened before 
the two-month period had elapsed and migrated toward the skin. In these cases the wires 
were simply pushed back, and the man was instructed to restrict the use of his arm until 
time for removal of the fixation. 

Because of the nature of the Service, it is impossible to communicate with many of 
these men after they return to duty. However, the interval given in the last column in 
Table I was determined by the fact that those who had returned to duty were still in that 
status. It can be reasonably assumed that if the shoulders had been causing any appre- 
ciable discomfort, these men would not be carrying out the strenuous and exacting duties 
of their ratings. 

Twelve of the men have been returned to full duty. At the time of their discharge 
from the hospital, all had complete range of motion in the shoulder joint. Four com- 
plained of some discomfort in the extremes of abduction, but the pain was not severe 
enough to constitute a disability. Five additional cases are ready for full duty as far as 
the acromioclavicular joint disability is concerned, but they are prevented from returning 
by complicating factors. M. M. W." (Case 3) was assigned to limited duty, because of a 
disability resulting from a fractured tibia. In Case 11, an acute febrile disease developed, 
from which the patient is now convalescing. Of the more recent cases (not included in 
Table I), one patient has not returned to duty because of conditions other than medical; 
another patient has a complicating vertebral compression fracture; and a third patient had 
a stable joint with a full range of shoulder motion when last seen, but was transferred to 
another duty and follow-up observations cannot be made. 

J. T. (Case 8) remained on duty for three months following his discharge from the ^ 
hospital. He then fell down stairs and re-dislocated the same acromioclavicular joint. 
He was not seen for treatment until eight weeks following this second injury. In the pa- 
tient’s estimation, the second injury was more severe than the injury causing the original 
dislocation. The pins were replaced, but the elapsed time was considered too great for 
simple healing, and an operative repair of the coracoclavicular ligament was done at the 
same time. The end result of the second injury has not been determined. 
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In the development of surgical approaches, one of two methods is usually employed. 
The first method might be termed the approach Avhich is planned to avoid the exposure of 
vital structures; and the second, the approach which is designed to expose them. In the 
first case, the incision is placed at sufficient distance from vital structures to obviate the 
necessitj" of their exposure. This method is to be recommended if adequate exposure of 
the lesion or lesions can be secured, and if there is onlj^ a remote possibilit}^ of injury to 
vital structures. The writers, however, stress the importance of the use of the second 
method in all instances where the incision is planned to give the most direct access to the 
site of the pathological changes, regardless of the proximity of Autal structures. In such 
cases, the exposure of those structures in the path of the dissection, or in the immediate 
vicinity, is the paramount issue. Failure to observe this fundamental principle, the ne- 
cessity for exposure, may result either in a permanent loss of function or in a surgical dis- 
aster. The operating surgeon should be so familiar with the anatomy that he can plan 
his own approach, basing it upon the anatomical accessibility of the lesion. This funda- 
mental knowledge of anatomy is most important in the surgery of bones and joints. Be- 
fore proceeding with a description of the surgical approaches to the knee joint, therefore, 
some pertinent, general anatomical considerations are essential. 

GENERAL ANATOMICAL CONSIDERATIONS 

The knee joint, the largest articulation in the human body, is formed by the condyles 
of the femur, the tuberosities of the tibia, and the patella. From the standpoint of its 
bony architecture, it is a Aveak joint. For strength and stability it is dependent upon its 
supporting structure, — the fibrous capsule, reinforced by ligaments and muscles. 

Capsule 

It is difficult to find a satisfactory description of the capsule of the knee in textbooks 
of anatomy and surgery. It is often described as a continuous structure of fibers, com- 
pletely investing the joint; Avhereas the true fibrous portion of the capsule exists only on its 
posterior aspect, Avhere it extends from the proximal margin of the articular surface of the 
femur and intercondylar line to the posterior border of the head of the tibia. Added 
strength is given to this part of the capsule b3'^ the oblique popliteal ligament, Avhich ex- 
tends upAvard and outward across the posterior part of the joint to the medial border of 
the lateral condyle of the femur. Further reinforcement is obtained laterally bj"- a thick- 
ened portion of the capsule, Avhich bridges the penetrating tendon of the popliteus muscle, 
attaching itself aboAm to the posterior aspect of the femoral epicondjde and below bj’- tAvo 
slips, — one to the head of the fibula, and another to the margin of the tibial condjde. 
Additional support is provided to the fibrous capsule bj" the collateral and the cruciate 
ligaments. 

In contradistinction to the posterior part of the capsule, the anterior portion is ill- 
defined. It is composed of the quadriceps tendon, the patella, the infrapatellar tendon, 
and the blending of the fascia lata Avith the fibrous aponeuroses of the vasti muscles. A 
detailed description of these structures AA-ill be given under the section on approaches to 

* Read at the Annual Meeting of The American Orthop.aodic -•Association at Hot Springs, A'irginia, June 
1 , 1944 . 

t This AA-ork AA-as supported by the Florence Heilman Ehrman Donation for Crippled Children. 
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the anterior aspect of the kne( 
joint. 

Synovia and Bursae 

The sjmovial membrane linei 
the aponeurotic and the fibrous 
portions of the capsule. It ex- 
tends upward beyond the articulai 
surface of the distal end of the 
femur, on the anterior aspect ol 
the joint, in the form of a cul-de- 
sac which lies under cover of the 
tendon of the quadriceps muscle. 
The upper part of this cul-de-sac 
usuall 3 '- communicates with the 
suprapatellar bursa. A pouchlike 
extension or diverticulum is pro- 
longed posteriorly and distally on 
the tendon of the popliteus mus- 
cle. This diverticulum sometimes 
communicates with the capsule of the upper tibiofibular j oint. A second pouch of synovial 
membrane often connects with a bursa which lies between the tendon of the semimem- 
branosus and the tendon of origin of the inner head of the gastrocnemius (Fig. 1). 

In the posterior part of the joint, the cruciate ligaments are enveloped in a duplica- 
tion of the synovial membrane which rendei-s them extrasynovial. TJie infrapatellar fat 
pad, triangular in shape, lies between -the distal part of the patella and the upper, anterior 
margin of the tibia. It is rendered extrasynovial bj'- a fold of synovial membrane, the 
lateral free margins of which extend to the intercondylar notch and are known as the liga- 
menta alaria. The central portion of this ligamentous fold is known as the ligamentum 
mucosum. 

The semilunar cartilages (menisci) lie betAveen the outermost portions of the articu- 
lating surfaces of the femur and the upper end of the tibia. They are Avedge-shaped struc- 
tures, free at their inner margins, but attached to the tibia at their outer surfaces by the 
coronary ligaments. Each cartilage presents tAvo extremities or horns, Avhich are fixed by 
fibrous attachments to the intercondylar eminence on the upper surface of the tibia (Fig. 2). 

The numerous bursae about the knee joint are described in detail in various text- 
books of anatomy. In this paper, the Avriters Avill deal briefly Avith those of constant occur- 
rence and of surgical importance. On the anterior aspect of the knee, there are the so- 
called prepatellar bursae, AAdiich lie betAA^een the skin and the anterior surface of the patella 
and the patellar ligament. There are tAAm others, termed the superficial and deep in- 
frapatellar bursae; the former lies betAveen the skin and infrapatellar tendon, Avhile the 
latter lies betAveen the tendon and the anterior surface of the upper end of the tibia. On 
the lateral side of the joint, there are usually four bursae, — one betAveen the lateral head 
of the gastrocnemius and the capsule, another betAA-een the fibular collateral ligament and 
the tendon of the biceps, a third betAA-een the fibular collateral ligament and the tendon of 
the popliteus, and a fourth betAveen the tendon of the popliteus and the lateral condyle of 
the femur; the fourth bursa is usually a direct extension of the S 3 movial membrane of the 
joint On the medial side of the joint, a bursa lies betAveen the medial head of the gas- 
trocnemius and the tendon of the semimembranosus, and often communicates A\dth the 
knee joint; a second bursa lies superficially betAveen the tibial collateral ligament and the 
tendons of the sartorius, gracilis, and semitendinosus ; Avhile a third is placed beneath the 
tendon of the semimembi’anosus at its attachment to the head of the tibia. 



Fig. 1 

A: Anterolateral aspects of the knee joint (RedraA\'n from 
Spalteholz). 

B: Posterior aspect of the knee joint (SAA-eet). 
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In addition, Brantigan and Voshell describe bursae which lie in relation to the tibial 
;ollateral ligament; as many as three of these bursae have been found in a single joint. 
The principal locations of these bursae are: (a) between the tibial collateral ligament and 
he capsule of the joint, (b) between the tibial collateral ligament and the medial meniscus, 
’c) directly over the meniscus, (d) inferior to the meniscus, and (e) between the tibial col- 
ateral ligament and the tibia, but not related to the meniscus. 

Blood Supply 

The blood supply to the knee jomt and its surrounding structures is furnished bj" the 
genicular branches of the popliteal arteiy, the arteria genus suprema, a branch of the 


Fig. 2 

The upper surface of the tibia, shoeing the 
relationship of the semilunar cartilages and 
the cruciate ligaments (Redrau-n from Grant’s 
Atlas of Anatomy). 

femoral artery, the descending branch of 
the lateral circumflex arteiy, and the re- 
current branch of the anterior tibial ar- 
terj"-. The terminals of these vessels 
form a rich network over the bones, liga- 
ments, and tendons, and are arranged in ^ 

three arterial arches on the anterior as- ^ anatomical sketch! shou-mg the collateral cr- 
pect of the joint. The uppermost of culation about the knee, 

these arches lies in the midst of the super- 
ficial fibers of the quadriceps muscle, near the upper border of the patella. The t\\ o lower 
arches are directed transversely through the fatt5’- tissues behind the patellar ligament. 
The superomedial and superolateral genicular arteries are given off by the popliteal artery 
proximal to the intercond3dar notch. They pass inward and outward beneath the ham- 
string tendons directly upon the femur, pierce the inner and outer intermuscular septa, and 
anastomose in the vastus medialis and vastus lateralis, respective!}'-, with the arteria genus 
suprema and the descending branch of the lateral circumflex artery. The inferomedial 
and inferolateral genicular arteries are given off from the popliteal artery at the level of the 
lower border of the oblique popliteal ligament. They pass inward and outward close to 
the bone, with the inferomedial passing along the upper border of the popliteal muscle and 
beneath the tibial collateral ligament. The inferolateral genicular artery passes along the 
upper border of the fibular head of origin of the soleus, around the neck of the fibula, and 
then beneath the fibular collateral ligament. The recurrent branch of the anterior tibial 
artery is given off after this main vessel has passed through the interosseous membrane. 
It proceeds upward to join in the anastomosis on the anterior aspect of the joint (Fig. 3). 

C^da7ieous Nerves 

The nerves which supply the skin over the various aspects of the knee are; 
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1. Anterior division of the Lateral cutaneous nerve of the thigh. 

2. Intermediate cutaneous nerve of the thigh. 

3. Anterior and posterior divisions of the medial cutaneous nerve of the thigh. 

4. Saphenous nerve. 

5. Posterior cutaneous nerve of the thigh. 

6. Posterior cutaneous nerve of the leg. 

7. Lateral cutaneous nerve of the leg. 

8. Anastomotic peroneal nerve of the leg (Fig. 4). 

An accurate anatomical 

knowledge of the cutaneous 
nerves is of importance to the 
surgeon, because their sever- 
ance may cause temporarj’’ or 
permanent disturbance of sen- 
sation, or maj'- lead to the for- 
mation of painful neuromata. 

Division of the infrapatellar 
branch of the saphenous nerve 
at the time of an operation for 
removal of the internal semi- 
lunar cartilage (medial menis- 
cus) may cause a painful neu- 
roma with symptoms which 
are similar to those for which 
the cartilage was removed. 

^he writers have seen several 
Buch cases, in which removal 
of the neuromata gave com- 
plete relief of symptoms. These 
cutaneous nerves are of fur- 
ther significance, because the 
operating surgeon can use 
them as anatomical landmarks 
and guides to deeper struc- 
tures. For example, the pos- 
terior cutaneous nerve of the 
calf can be traced to its origin 
from the posterior tibial nerve. 

A needless and often pro- 
longed search in the popliteal 
fat for the sciatic nerve and its divisions and the popliteal vessels is thus avoided. A fur- 
ther description of the various cutaneous nerves about the knee will be given in the appro- 
priate sections. 

SURGIC.VL APPROACHES 

The surgical approaches to the knee joint will be described according to the following 
outline : 

I. Approaches to the Anterior Aspect of the Knee Joint (Fig. G). 

A. The parapatellar incisions. 

1. The median parapatellar incision (von Langenbeck). 

2. The S-shaped parapatellar incision (Pa}'!’)- 

3. The oblique parapatellar incision (Erkes). 

4. The lateral parapatellar incision (Kocher). 
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B. Incisions wliich divide the patella. 

1. Vertical division of the patella (Brackett and Hall, Jones). 

2. Transverse division of the patella (von '\'^olkmann). 

3. Sagittal division of the patella (Devine). 

4. Oblique division of the patella (Bougot and De La Rue). 

C. Incisions which divide the tendon of the quadriceps muscle. 

1. Plastic division of the quadriceps tendon (Putti, Campbell). 

2. Plastic division of the quadriceps tendon (Coonse and Adams). 

D. Incisions which divide the tendon of the patella transverseljL 

1. The U-.shaped incision (Textor). 

2. The H-shaped incision (Ollier). 

II. Approaches to the Medial Aspect of the Knee Joint. 

A. The S-shaped incision. 

B. The straight or curved incision. 

III. Approaches to the Lateral Aspect of the Knee Joint. 

A. The S-shaped incision. 

B. The straight or curved incision. 

IV. The Approach for the Removal of the Semilunar Cartilages (the Menisci). 

A. Partial removal of the internal semilunar cartilage. 

B. Complete removal of the internal semilunar cartilage. 

C. Partial removal of the external semilunar cartDage. 

D. Complete removal of the external semilunar cartilage. 

V. Bilateral Incisions. 

A. Exposure of the popliteal face of the femur (Henry). 

B. Approach for epiphyseodesis (Abbott and Gill). 

C. Removal of loose bodies from the posterior compartment of the knee 
(Henderson). 

D. Posterior capsulotomy in flexion contractures of the knee (IVilson). 

VI. Approaches to the Posterior Aspect of the Knee Joint. 

A. The mid-line approach through the popliteal space. 

VII. Approaches for Drainage of Sepsis of the Knee Joint. 

A. Parapatellar approaches. 

1. Vertical (single, multiple, bilateral). 

2. Horizontal (bilateral). 

B. U-shaped incision. 

C. Posteromedial, tibial incision. 

D. Posteromedial, femoral incision (Klein). 

E. Incisions for counter-drainage on the posterolateral aspect of the knee. 
Approaches to the Anterior Aspect of the Knee Joint 

Surgical Anatomy: The quadriceps tendon is subdivided into three parts, readil 3 '- dis- 
rnible in a sagittal section through the middle of the patella (Fig. 5). The anterior sub- 
VTsion is the tendon of insertion of the rectus femoris, while the intermediate subdivision 
the common tendon of the vastus medialis and the vastus lateralis, and the posterior 
bdivLsion is the tendon of the vastus intermedius. The genu articularLs muscle joins the 
ndon of the vastus intermedius, and also provides a slip which inserts into the apex of the 
prapatellar sjmovial pouch. Between the adjacent margins of the vasti, a fascial sling 
formed, which acts as a hammock or cradle for the tendon of the rectus femoris. Tins 
ng, traced laterallj'-, blends with the aponeuroses of the vasti muscles. The aponeurosis 
the lower margin of the vastus medialis divides into two distinct la^’ers over the anler- 
nedial aspect of the knee. The anterior laj*er passes across the patella in the form of a 
intinuous sheet which blends with the aponeurosis of the vastus lateralis. Below the 
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level of the tibial tubercle it becomes continuous with the deep fascia of the leg. Th 
posterior or deep layer of the aponeurosis of the vastus medialis is inserted into the medial 
border of the patella and the upper margin of the tibia. The synovial membrane lies be- 
hind this layer. On the outer aspect of the knee, the deep fascia and aponeurosis blend to 
form a single layer which is inserted into the lateral margin of the patella and the upper 
border of the tibia. This layer fuses with the iliotibial band and the fascia enclosing the 
biceps muscle. The operating surgeon should note the various fascial layers which facili- 
tate exposure of the joint and closure of the wound. On the anteromedial surface, four 
layers of fascia are found, — namely, the superficial fascia, often indistinct and of little im- 
portance, the fascia lata, sometimes blended with the anterior layer of the aponeurosis of 
the vastus medialis, and the deep layer of the aponeurosis of the vastus medialis. On the 
anterolateral aspect of the knee, the blending of the fibrous aponeurosis with the iliotibial 
tract is so intimate that only two lajmrs are distinguishable, the superficial fascia and a 
layer of deep fascia and fibrous aponeurosis (Saunders). 

The important landmarks are the quadriceps tendon, the patella, the patellar tendon, 
the condyles of the femur, and the tuberosities of the tibia. With the knee in extension, 
the quadriceps tendon forms an obtuse angle with the patella and the patellar tendon of 
approximately 170 degrees (Callander). Curvilinear incisions are, therefore, preferable 
for those approaches in which either the patella or the aponeurotic expansions of the vasti 
are divided to enter the joint. With the knee in flexion, the iliotibial tract and the biceps 
tendon stand out prominently as the 3 '’ pass to their respective insertions into the lateral 
margin of the tibia and the head of the fibula. On the posteromedial surface of the joint 
the tendons of the sartorius, gracilis, and semitendinosus are seen where thej^ insert into 
the medial aspect of the upper end of the tibia. 

A. The Parapatellar Incisions 

1. The median parapatellar incision (von Langenbeck). 

a. Indications: 

(1) Exploration of the joint; 

(2) Synovectomy; 

(3) Osteochondritis dissecans; 

(4) Removal of loose bodies (joint mice); 

(5) Repair of the cruciate ligaments; 

(6) Removal of the infrapatellar fat pad. 

b. Position of the patient: The patient is supine with the knee on a sandbag 

and flexed from 20 to 30 degrees. 

(Note: The position of the patient and the same anatomical landmarks 

are used in all median parapatellar incisions.) 

c. Landmarks: 

(1) Tibial tubercle; 

(2) Patellar tendon; 

(3) Patella; 

(4) Quadriceps tendon; 

(5) Vastus medialis; 

(6) Adductor tubercle. 

d. Incision: The incision of the skin is begun over the medial portion oi tlw 
quadriceps tendon, four inches above the upper border of the patella (Fig. G, C). It is 
continued downward in a gentle curve following the medial margin of the quadriceps ten- 
don, the medial border of the patella, and the patellar tendon. It next crosses the upper 
end of the tibia, and ends inferior to the tubercle of the tibia. One of two methods of ex- 
posure of the joint may be follou'ed. In the finst method, the deep fa.scia is incised and the 
quadriceps tendon is defined. This tendon is split in a vertical direction one-third of an 
inch lateral to its medial border. The incision is continued downward with division of the 
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Fig. 5 

Anatomical dissections, showing the three divisions of the quadriceps tendon, the sjTiovial membrane, 
the quadriceps pouch, and the aponeurotic insertions of the vasti muscles into the patella and tibia. 


iponeurosis of the vastus medialis following the medial border of the patella and the pa- 
ellar tendon. Just below the tubercle of the tibia, the periosteum is divided obliquely 
tnd reflected laterally for a short distance to free only the medial portion of the insertion 
)f the patellar tendon. This procedure facilitates displacement of the patella. 

An alternate method is described by Fisher, in which the skin is reflected laterally un- 
il the lateral margin of the patella is reached. A straight incision is then made through 
hree layers of fascia over the quadriceps tendon, the patella, and the patellar tendon 
'Fig. 7). These three layers are the superficial fascia, the fascia lata, and the superficial 
ayer of the aponeurosis of the vastus medialis. Medial to the patella the deep fascia and 
juperficial layer of the aponeurosis blend and are generally reflected as one layer. The 
leep layer of the fibrous aponeurosis is now seen as a solid sheet, though infrequentl 5 ’- it is 
.n the form of cords or retinacula. The synovia and deep apondurosis are divided medial 
to the patella, and the quadriceps tendon is separated in the line of its fibers just lateral to 
the insertion of the vastus medialis (Fig. 8). The patellar tendon is freed along its medial 
border to the level of the tibial tubercle, exposing the infrapatellar bursa. The patella is 
dislocated laterally to expose the interior of the joint. Greater access the joint may be 
secured in four ways: (1) by division of the quadriceps tendon to a higher level, (2) bj’’ 
turning the upper end of the incision obliquel 3 ’^ inward and separating the fibers of the 
vastus medialis, (3) by vertical section of the medial border of the alar ligament and adja- 
cent fat pad, and (4) bj’- freeing the patellar tendon subperiosteallj^ on its medial aspect. 

The structures which are e.xposed are: 

(1) Quadriceps pouch; 

(2) Condjdes of the femur; 

(3) Posterior surface of the quadriceps tendon, and the posterior surfaces of the 
patella and the patellar tendon; 
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(4) Infrapatellar fat pad; 

(5) Ligamentum mucosum; 

(6) Origin of the anterior cruciate ligament and the insertion of the posterior 
cruciate ligament (Fig. 9); 

(7) Anterior margins of the upper end of the tibia and the semilunar cartilages. 

The wound is closed with interrupted sutures to the deep of the fibrous aponeu- 
rosis and synovial membrane, to the fascia lata and the superficial layer of the fibrous 
aponeurosis directly over the center of the patella, and to the skin. 

2. An S-shaped parapatellar incision has been described by Paju-. The incision of 
the skin is begun four inches aboA'^e the upper border of the patella, and is then curved 



The ineision.s on the anterior aspect of tlie knee. 
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Fig. 7 Fig. 8 

Fig. 7: The medial parapatellar incision, showing fascia lata and the superficial layer of the aponeuro- 
sis of the vastus medialis muscle, leflected from the antenor surface of the patella. 

Fig. 8: The medial parapatellar incision, showing the fascia lata and the aponeurotic layers. 


around its medial border to follow the 
medial margin of the patellar tendon 
to the tibial tubercle. The fibrous in- 
sertions of the vastus medialis into the 
quadriceps tendon are divided, and 
the fibrous aponeurosis of the vastus 
medialis is divided down to the level of 
the insertion of the patellar ligament 
into the tibial tubercle. The synovial 
membrane is then incised, and the 
patella is displaced to gain access to 
the joint. 

3. The Erkes incision follows the 
grain of the skin (Fig. 10, A). It is 
begun on the medial surface of the 
medial epicondyle of the femur, and is 
continued downward across the an- 
teromedial aspect of the joint to reach 
the insertion of the patellar tendon 
into the tibial tubercle. The fibers of 
origin of the vastus medialis are freed 
from the internal intermuscular septum to permit displacement of the patella, and thus 
obtain access to the joint. Erkes contends that by this method, together w ith stretching 
of the vastus medialis, he avoids division of the aponeurotic insertion of thi*^ mu‘;cle. 

4. Lateral parapatellar incision of Kochcr (Fig. 10. B). 
a. Indications: 

(1) Exploration of the anterolateral a-^pect of the joint; 

(2) Removal of loose bodies; 

(3) Treatment of certain fractures in the lower end of the femui 



Fig. 9 

Tlie structures which are exposed by the median parapa- 
tellar incision after the displacement of the patella. 
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b. Landmarks: 

(1) Tibial tubercle; 

(2) Patellar tendon; 

(3) Patella; 

(4) Quadriceps tendon; 

(5) Vastus lateralis; 

(6) External condyle 
of the femur. 

c. Incision: The incision is 
begun over the vastus lateralis on 
the lateral aspect of the joint. It 
is continued downward over the 
parapatellar region, and then cuiwed 
forward over the tibial tubercle. 
The fibrous aponeurosis of the vas- 
tus lateralis and the s 3 '■no^dal 
membrane are divided in much the 
same manner as in the medial 
parapatellar incision. In order to 
facilitate a medial displacement of 
the patella, the patellar tendon is 
freed subperiosteally or subcorti- 
cally from the tibial tubercle. 

The criticism of this method, 
made bj’’ Putti, is that sectioning 
of the bone to free the insertion of the patellar tendon into the tibial tubercle maj’- be fol- 
lowed by non-union. Albee modified the Kocher approach b.y do^'etailing the bone at the 
site of the insertion of the patellar tendon into the tibial tubercle. 

B. Incisions Which Divide the Patella (These incisions have been largely discarded 
in favor of.'parapatellar incisions.) 

1. Vertical division of the patella (Brackett and Hall, Jones). 

a. Indications: 

(1) Exploration of the anterior portion of the joint; 

(2) Osteochondritis dissecans; 

(3) Removal of joint mice. 

b. Position of the patient: The patient is supine with the knee supported in 
about 60 degrees of flexion. 

c. Landmarks: (The same landmarks are used in all methods of dividing the 
patella.) 

(1) Quadriceps tendon; 

(2) Patella; 

(3) Patellar tendon; 

(4) -Tibial tubercle. 

d. Incision: A curvilinear incision is made, following the obtuse angle 
formed by the quadriceps, the patella, and the patellar tendon. It is begun about tliree 
inches above the ‘upper border of the patella. The quadriceps tendon, the patella, and the 
patellar tendon are divided longitudinally at the junction of their inner and middle thirds, 
the latter structure being sectioned to the level of its insertion into the tibial tubercle. 
This method allows displacement of the inner third of the bone to the inner side of the 
joint, and therebj' gives wider exposure of the medial condyle of the femur. The patella 
is either split with an osteotome or sectioned with a saw. The pai-ts exposed ai'C the 
quadriceps pouch, the anterior part of the condjdes of the femur, the anterior margins of 
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Fig. 10 

A: The oblique parapatellar incision of Erkes. 
B: The lateral incision of Kocher. 
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the semilunar cartilages, the anterior cruciate ligament, the insertion of the posterior cruci- 
ate, the infrapatellar fat pad, and the ligamentum mucosum. 

2. Transverse sectioning of the patella, as advocated by von V olkmann, should be 
mentioned onl}" to be condemned. The results following this procedure have been un- 
satisfactory, with permanent limitation of flexion of the knee. 

3. Sagittal division of the patella is described bj’^ Devine in a well-illustrated article. 
He describes his operation in the following manner: 

a. A curved incision is made, the middle of which is about one-half an inch be- 
low the lower margin of the patella. The flap of skin and fat is dissected upward and 
laterally until the quadriceps tendon, the anterior surface of the patella, and the patellar 
tendon are exposed. 

b. With a butcher, ’s saw, a cut is made, starting in the quadriceps tendon about 
one-half an inch above the upper margin of the patella, in a direction sloping backward 
through the tendon of the quadriceps, the patella, and the patellar tendon, and coming out 
of the latter on the posterior surface, one-half inch below the lower margin of the patella. 
This divides the patella into the anterior and posterior halves without disturbing its 
cartilaginous surfaces. 

c. The assistant bends the knee; the patellar fragments are separated; and the 
lateral expansion of the joint is stretched tightly. The surgeon places a small hook under 
the lower margin of the upper fragment, turns its cartilaginous surface over; and, as the 
knee bends, he divides the fibers of the lateral expansions of the vasti muscles. 

d. When the joint is closed, the fragments of the patella fall nicely into position 
and are sutured together with the quadriceps tendon. The synovial membrane and the 
quadriceps expansions are closed separately. The writers have not used this method. 

4. Bougot and De La Rue describe two methods of approach by division of the pa- 
tella; one is a vertical incision for lesions of the femur, which is similar to the ordinary 
split-patella incision, and the other is an oblique incision where the patella is divided 
obliquely from front to back for lesions involving the tibia. This oblique division of the 
patella, used in place of the vertical division, gives a good exposure of the articular car- 
tilages, the ligaments, and the upper end of the tibia. 

C. Incisions Which Divide the Tendon of the Quadriceps Muscle 

1. Plastic division of the tendon of the quadriceps (Putti, Campbell). 

a. Indications: 

(1) Arthroplasty of the knee. 

b. Position of the patient: The patient is supine with the knee flexed to from 

25 to 30 degrees. 

c. Landmarks: 

(1) Condyles of the femur; 

(2) Condyles of the tibia; 

(3) Quadriceps tendon; 

(4) Patella. 

d. Incision: The incision in the skin, in the form of an inverted U, is begun 
over the medial condyle of the tibia, anterior to the tibial collateral ligament. It is car- 
ried proximally to a point one inch above the patella, then curved lateralty across the 
quadriceps tendon, and continued distally along the anterior margin of the fibular col- 
lateral ligament to end over the lateral condyle of the tibia. The fascia, aponeurosis, and 
synovia are divided in the line of the skin incision. The quadriceps tendon is sectioned 
transversely just above the upper margin of the patella, or it is divided by a Z plastic 
incision. If the quadriceps tendon is to be lengthened, this ma 3 ' be facilitated bj- a longi- 
tudinal incision over the quadriceps tendon, extending upward from the apex of the U. 
Putti used this approach but discontinued its use, since occasionalh' the skin margins were 
found to slough at the junction of the longitudinal limb with the U (Campbell). 
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2. Plastic division of the tendon of the quadriceps (Coonse and Adams). 

a. Indications: 

(1) Complete exploration of the joint; 

(2) S3movectom3'-; 

(3) Arthroplast 3 '’; 

(4) Treatment of fractures of the lower end of the femur. 

b. Position of the patient: The position of the patient is the same as for the 

parapatellar approach. 

c. Landmarks: 

(1) Condyles of the femur; 

(2) Quadriceps; 

. (3) Patella. 

d. Incision: Thte quadriceps tendon, the patella, the infrapatellar tendon, 
and the aponeurosis of the vastus medialis are exposed b 3 ’' a curved medial parapatellar in- 
cision. An inverted Y-shaped incision is made in the quadriceps tendon and aponeurosis 
of the vasti muscles (Fig. 11). The stem of the Y lies over the quadriceps and the two 
prongs extend on either side of the patella. The patella is then turned downward with 
exposure of the joint. Upon closure of the divided quadriceps tendon and aponeurosis, 
the knee can be bent to a right angle without undue tension, if sutures of sufficient strength 
are used. The writers have had but one experience with this operation. A good exposure 
to the anterior compartment of the knee joint was obtained. 

D. Incisions Which Divide the Tendon of the Patella Transversely 

1. The U-shaped incision with division of the patellar tendon (Textor). 

a. Indications: 

(1) Excision of the knee in extensive destruction of the joint from 
disease or injury; 

(2) Drainage of badly infected joints in cases of compound fractures. 

b. Position of the patient: The position of the patient is the same as that for 

parapatellar incisions. 

c. Landmarks: 

(1) Condyles of the femur; 

(2) Patella; 

(3) Patellar tendon; 

(4) Tubercle of the tibia. 

d. Incision: The skin incision is started over the prominent part of the me- 
dial femoral condyle just below the insertion of the tendon of the adductor magnus. 
From here it is continued downward in a gentle curve to pass just below the insertion of the 
patellar tendon into the tibial tubercle, and then upward and outward to the most promi- 
nent part of the lateral condyle of the femur. The incision should form a broad base 
which extends between the condyles of the femur. The margins of the skin are reflected 
sufficiently to permit division of the patellar tendon and the aponeurotic expansions of the 
vasti muscles. The anterior margins of the tibial collateral ligament on the medial side 
and the iliotibial tract on the outer side are identified and preserved. The entire flap of 
skin and aponeurosis, with a broad base extending between the femoral condyles, is turned 
upward. With flexion of the knee the following structures are exposed; 

(1) Upper end of the tibia; 

(2) Lower end of the femur; 

(3) Quadriceps pouch; 

(4) Semilunar cartilages; 

(5) The patella and the cruciate and collateral ligaments. 

Excision of bone and soft tissues can be carried out as indicated in individual cases. 
To allow drainage in clean cases of excision of the knee, the wound is closed with inlcr- 
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rupted sutures only to the deep fascia and the skin. As a last recourse in severely septic 
joints, the patellar tendon is stitched to the skin on the anterior surface of the thigh at the 
junction of its upper and middle thirds. 

2. The H-shaped incision of Ollier. 

a. Indications: Ollier used this incision for excision of the knee in cases of ex- 
tensive destruction of the joint. In addition, he employed posterolateral and postero- 
medial incisions for counter-drainage. 

b. Incision: A transverse incision in the skin is made just below the patella, 
preferably with the knee in the position of 90 degrees of flexion. This incision must stay 
within the limits of the anterior borders of the collateral ligaments. From each end of the 
transverse incision, a vertical incision is made, nine centimeters in length, seven of which 
lie above the transverse incision. The joint is entered by cutting the patellar tendon. 
Counter-incisions lie anterior to the biceps tendon on the outside and to the sartorius and 
gracilis tendons on the medial side of the joint. The writers do not advocate the use of 
this incision. 

II. Approaches to the Medial Aspect of the Knee Joint 

Surgical Anatomy: The important structures on the medial aspect of the knee joint 
are: (1) the tibial collateral ligament, (2) the internal intermuscular septum, (3) the ten- 
dons of the sartorius, gracilis, and semitendinosus, (4) the bursae in relation to the tibial 
collateral ligament, (5) the saphenous vein, the saphenous nerve, the saphenous branch of 
the arteria genus suprema, and (6) the two branches of the medial femoral cutaneous 
nerves (Fig. 12, A). 

The tibial collateral ligament is a far more extensive structure than usually described 
in texts on anatomy or surgery. It may be divided into four segments. The anterior 
superficial portion is the part which extends as a flat band, approximately four inches in 
length and one-half an inch in width, and is attached to the ovoid area in the region of the 
medial epicondyle of the femur. The distal attachment is almost one inch in length on the 
medial surface of the tibia, and lies about one and one-half inches below the line of the 
knee joint. The deep anterior portion of the ligament lies beneath the superficial part 
with which it is intimately blended. It consists of short fibers which bridge the joint from 
the femoral epicondyle to the area just below the margin of the inner condyle of the tibia. 
The posterosuperior, oblique portion extends from the posterior part of the femoral at- 
tachment downward and backward to the margin of the tibial condyle. The tibial attach- 
ment is extensive, and reaches to the posterior limit of the condylar margin. This part 
gives additional anchorage to the semilunar cartilage. The posterosuperior and postero- 
inferior, oblique portions of the ligament blend with the posteromedial portion of the joint 
capsule, forming a hemispherical pouch. This pouch is lax in flexion of the knee, but in ex- 
tension it becomes tense as it encloses the posterior part of the medial femoral condyle. 
The existence of this arrangement should be especially emphasized. Grasping in full 
extension the prominent posterior part of the medial femoral condyle in an accurately 
fitting half bucket, it is a major factor in stabilizing the knee in this position (Fig. 12, B). 

The intermuscular septum on the medial aspect of the thigh extends from the fascia 
lata inward to be attached to the linea aspera. It blends intimately with the tendon of the 
adductor magnus which inserts into the adductor tubercle of the femur. This membrane 
separates the vastus medialis in front from the adduetor magnus and adductor longus 
behind. It forms the line of separation between the popliteal space and the anterior com- 
partment of the knee. The tendons of the sartorius, gracilis, and semitendinosus embrace 
the posteromedial aspect of the medial femoral condyle, and, as they pass to their insertions 
in the proximal part of the anteromedial surface of the upper part of the tibia, they are 
separated from each other by a bursa. The tendon of the sartorius lies superficial and 
anterior to the tendons of the gracilis and semitendinosus, while all three span the inferior 
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portion of the tibial collateral liga- 
ment. The internal saphenous vein 
passes across the posterior pai t of the 
medial aspect of the knee, Ijdng upon 
the tendon and muscle bell}’’ of the 
sartorius. The medial cutaneous neive 
of the thigh, a branch of the femoral 
nerve, is found in two blanches in this 
legion The antciior bianch crosses 
the sartoi ius muscle and makes its ap- 
pearance till ough the fascia lata in the 
distal part of the thigh, a short dis- 
tance in front of the great saphenous 
vein. The posterior branch runs dis- 
tally along the posterior border of the 
sartorius, pierces the deep fascia on 
the medial side of the knee, and comes 
to rest behind this muscle and the 
saphenous nerve. The saphenous nerve 
is the longest branch of the femoral 
nerve. It emerges from the lower end 
of Hunter’s canal by passing beneath 
the fibrous expansion which stretches 
between the vastus medialis and the 
adductor muscles. It is accompanied by the saphenous bianch of the arteria genus su- 
prema As it emerges from under cover of the sartorius muscle, it penetrates the deep 
fascia and gives off its infrapatellar branch, which pierces the sartoi ius and appears on the 
surface of the fascia lata on the medial part of the knee Here it can be rolled over the 
anteromedial surface of the tibia .about one-third of an inch below the joint line. 

In this region the superomedial and inferomedial genicular vessels pass forward on the 
femur and the tibia deep to the tibial collat- 
eral ligament to join in the anastomosis 
formed about the anterior surface of the 
knee joint 


Fig. 13 

The S-shapecl incision on the medial aspect of the knee. 



Fig. 14 

The S-shaped incision i\ith reflection of the 
fascia lata. 


Fig. 15 

The S-shaped incision with retraction of the 
muscles and e\posure of tibnl coUatoral ligament. 
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A. The S-Shaped Incision 

1. Indications: 

a. Rupture of the tibial collateral ligament, especially when accompaniec 
by injury to the anterior -cruciate ligament and the internal semilunai 
cartilage (medial meniscus). 

b. Repair of neglected teai's of the tibial collateral ligament, which requires 
the use of the medial hamstring tendons. 

2. Position of the patient: The knee is supported on a narrow sandbag well above 
the level of the opposite leg in a position of from 15 to 20 degrees of flexion 
and in slight external rotation. 

3. Landmarks: 

a. Adductor tubercle of the femur; 

b. Medial hamstring muscles; 

c. Condyle of the tibia; 

d. Joint line; 

e. Tibial tubercle. 

4. Incision: A curvilinear incision of the skin and subcutaneous tissue is made, 
beginning two inches above the adductor tubercle on the posteromedial aspect of the joint, 
directly over the tendons of the sartorius and gracilis. It follows the course of these ten- 
dons to the level of the joint, where it is then curved gentb^ forward along its margin to the 
anterior border of the upper end of the tibia. Here it is turned downward again to end 
just below the tibial tubercle. The skin and subcutaneous tissue are reflected upward 
and downward from the surface of the deep fascia (Fig. 13). The deep fascia is then in- 
cised in a vertical direction from the adductor tubercle to the medial surface of the upper 
end of the tibia (Fig. 14). The structures which are identified are the insertion of the ad- 
ductor magnus into the adductor tubercle, and the long superficial segment of the tibial 
collateral ligament passing to the medial surface of the upper end of the tibia (Fig. 15). 
The tendons of the sartorius, gracilis, and seniitendinosus are reflected posteriori}'’ to e.x- 
pose the oblique segments of the tibial collateral ligament and the tendinous insertion of 
the semimembranosus into the posterosuperior aspect of the upper end of the tibia. Pos- 
terior to the sartorius muscle, the saphenous nerve and the postei'ior division of .the medial 
femoral cutaneous nerve are seen. Interiorly, the infrapatellar branch of the saphenous 
nerve passes through the sartorius, and lies on the deep fascia one-fourth of an inch below 
the medial margin of the tibia. 

Anterior to the long superficial segment of the tibial collateral ligament, the aponeuro- 
sis and synovial membrane are incised to expose the anterior compartment of the joint. 
The anterior cruciate ligament and the anterior portion of the semilunar cartilage (medial 
meniscus) are then identified. An incision is made through the oblique segments of the 
tibial collateral ligament to expose the posterior extremity of the internal semilunar car- 
tilage (medial meniscus). In late operations for the repair of the tibial collateral ligament, 
particularly where its posterior oblique segments have been torn, or where the tendons ol 
the gracilis or seniitendinosus are to be used to reinforce the inner aspect of the joint, the 
sartorius muscle is retracted anteriorly, instead of posteriorly (Fig. 16). This makes it 
imperative to identif}^ the saphenous nerve and its infrapatellar branch. Unless the dis- 
section is cai’i’ied deep to the fascia lata, it is best to e.xpose the saphenous vein, which is 
generally accompanied b}’’ the anterior branch of the medial cutaneous nerve of the thigh. 

Structures which are made acce.ssible by this curved incision are all parts of the tibial 
collateral ligament, the medial hamstring muscles, including the sartorius and gracilis, the 
entire internal semilunar cartilage (medial meniscus), the anterior cruciate ligament, the 
infrapatellar fat pad, and the medial margin of the ligamentum mucosum. 

The wound is closed with interrupted sutures to the deep fascia, to the fibrous aponeu- 
rosis, and to the skin. 
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Fig. 1() 

'I'lic mcdiiil iipiiroach, sliowing an old tear of the libial collateral liga- 
ment. In tins case the .sartorius was retracted anteiiorly, rather than 
posteiioily, after o\posine of the saphenous vein and the saphenous 
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B. The Straight or Curved Incision 

1. A straight or simple curved incision made in a downward direction from the 
adductor tubercle may be used, if a more limited exposure is sufficient. 

III. Approaches to the Lateral Aspect of the Knee Joint 

Surgical Anatomy: The important structures on this aspect of the joint are, from be- 
fore backward, the iliotibial tract, the lateral intermuscular septum, the fibular collateral 
ligament, the tendon of insertion of the jjopliteus muscle, the tendon of insertion of the 
biceps, and the common peroneal nerve (Fig. 17). 

The iliotibial tract is in realit}'’ the fibrous tendon of the tensor fasciae femoris, which 
embraces the lateral condyle of the femur (Saunders), and is inserted into the upper margin 
of the external tuberosity of the tibia. The lateral intermuscvrlar septum passes inward 
from the tract to insert into the linea aspera. It separates the vastus lateralis muscle in 
front from the short head of the biceps muscle behind. As in the case of the medial inter- 
muscular septum, it separates the anterior compartment of the knee and the popliteal 
space on the lateral aspect of the joint. The fibular collateral ligament is attached above 
to the lateral epicondyle of the femur and below to the head of the fibula. The tendon of | 

the biceps muscle is inserted 
into the head of the fibula, 
dividing into two parts to en- 
close the ligament from which 
it is often separated by a 
bursa. Beneath the fibular 
collateral ligament, the ten- 
don of the popliteus muscle is 
inserted into the lateral epi- 
condjde of the femur. It is 
surrounded bj" a synovial 
sheath which is an extension 
of the synovial membrane of 
the knee joint. A short dis- 
tance posterior to the fibular 
collateral ligament, a thick 
capsular segment passes from 
the head of the fibula to the 
condyle of the femur; this is 
sometimes termed the short 
fibular collateral or arcuate 
ligament. In this region the 
superior lateral genicular ar- 
tery passes beneath the tendon of the biceps, pierces the lateral intermuscular septum 
above the femoral attachment of the fibular collateral ligament, and breaks up into 
branches which anastomose in the substance of the vastus lateralis. The inferolateral 
genicular arteiy passes outward on the fibular head of the soleus muscle, and then beneath 
the fibular collateral ligament, just above its insertion into the head of the fibula. 

A. The S-Shaped Incision (Fig. 18) 

1. Indications: 

a. Derangements of the fibular collateral ligament ; 

b. Open reduction of fractures of the lower end of the femur; 

c. Cysts of the external semilunar cartilage (lateral meniscus). 

2. Position of the patient: The leg may be placed on a sandbag above the level 

of its fellow, or the knee may be flexed at right angles over the edge of the 
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Incisions on the lateral aspect of the knee. 
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Fig. 19 

Incisions on the lateral aspect of the knee. 


table with the calf supported so that the posterolateral aspect of the knee 

is free. The writers prefer the Trendelenburg position, since its helps main- 
tain the position of the patient. 

3. Landmarks: 

a. Lateral condyle of the femur; 

b. Head of the fibula; 

c. Biceps tendon; 

d. Iliotibial band; 

e. Lateral aspect of the joint line; 

f. Patella; 

g. Infrapatellar tendon. 

4. Incision: The incision is similar to the incision for complete e.xposure of the 
medial aspect of the joint. It is begun about two inches above the lateral cond 3 de of the 
lemur, lying well posteriorly in the sulcus between the tendon of the biceps muscle and the 
iliotibial tract. It is continued directl 3 ^ forward, following the lateral margin of the upper 
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end of the tibia, and is then 
curved downward to the tibial 
tubercle. The structiu’es ex- 
posed are the biceps tendon, 
the posterolateral part of the 
joint capsule, the fibular col- 
lateral ligament, and the lower 
part of the iliotibial tract 
(Fig. 20) . The peroneal nerve 
is found lying just behind the 
biceps tendon. From here it 
can be traced to the lateral 
aspect of the neck of the 
fibula. The biceps tendon is 
followed to its insertion into 
tlie fibula, where it will be 
found to bifurcate in order to 
enclose the fibular collateral 
ligament. At this stage, the 
ligament is followed upward 
to its attachment into the 
epicondyle of the femur. L}’'- 
ing deep and slightly posterior 
to the fibular collateral liga- 
ment, the tendon of the pop- 
liteus is exposed (Fig. 21). If 
the anterior aspect of the 
joint is to be entered, the 
anterior portion of the fibrous 
aponeurosis of the vastus lat- 
eralis and the synovial mem- 
brane are excised in a direc- 
tion dovmward and fornmrd. 
The anterior half of the ex- 
ternal semilunar cartilage 
(lateral meniscus) is readily 
exposed without division of the tendinous fibers of the iliotibial tract. Bj'- this incision 
an excellent approach is obtained to the fibular collateral ligament, the biceps tendon, the 
common peroneal nerve, the posterior joint line, the iliotibial tract, the entire semilunar 
cartilage (lateral meniscus), the lateral aspect of the fat pad, and the infrapatellar tendon. 
B. The Straight or Curved Incision (Fig. 19) 

As in the case of the medial aspect of the knee, a straight or curved incision may be 
emplo3md for a limited exposure. 

IV. Exposure of the Semilunar Cartilages {the Menisci) 

Surgical Anatomy: On the anteromedial aspect a triangular space is formed, the 
Doundaries of which are the patellar tendon in front, the condyle of the femur and the an- 
terior margin of the tibial collateral ligament behind, and the upper margin of the tibia 
below. A similar space is formed on the anterolateral aspect of the knee joint, bounded 
in front by the patellar ligament, behind 63^ the cond3de of the femur and the fibular col- 
lateral ligament, and below by the margin of the tibia. 

A For Partial Removal of the Internal Semilunar Cartilage (Medial Meniscus) 
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Fig. 20 

The structures which are e.xposed tlirough the curved lateral incision. 
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Fig. 21 

The curved lateral incision with exposure of the deep structines 
and the mseition of the tendon of the popliteus muscle. 
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The anterior incisions for partial removal of the semilunar cartilages. 

1. Position of the 'patient: The patient is in a slightlj- Trendelenburg position, 
with the knee flexed to 90 degrees over the end of the table. 

2. Landmarks: 

a. IMedial condjde of the femur; 

b. Tibial tubercle; 

c. Patellar tendon; 

d. Patella; 

e. Anteromedial joint line. 

3. Incision: The incisions which may be used for partial removal of the internal 
semilunar cartilage are the curved incision with an anterior convexity (.lona-^), tlie curved 
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incision with a posterior convexity (Fisher), the oblique or nearly transverse incision, and 
the vertical incision (Fig. 22). These incisions are made in order to expose the joint ade- 
quately, and they vary in their directions according to the decision of the operating sur- 
geon. The structures which are exposed are the infrapatellar fat pad, the ligamentum 
mucosum, the anterior portion of the origin of the anterior cruciate ligament, and the 
anterior two- thirds of the semilunar cartilage (medial meniscus). 

The curved skin incision, with an anterior convexity, is made on the anterior sur- 
face of the medial condyle of the femur, on a level with the lower portion of the patella. 
It is curved gently downward to the level of the tibia, and backward along its upper 
margin for a distance of three-quarters of an inch. In the subcutaneous tissue, the infra- 
patellar branch of the saphenous nerve is identified one-half an inch below the medial 
margin of the tibia. It is freed and retracted, with exposure of the aponeurosis of the 
vastus medialis. This aponeurosis and synovial membrane are incised, and the joint 
is entered. 

B. For Com'plete Removal of the Internal Semilunar Cartilage {Medial Meniseus) 

1. Indications: 

a. Derangements of the cartilage, especially when the posterior portion is 
damaged; 

b. Cysts of the semilunar cartilage; 

c. Limited exposure of the tibial collateral ligament. 

2. Position of the 'patient: The patient is supine in a partial Trendelenburg posi- 
tion, with the knee flexed 90 degrees over the end of the table. The calf of 

the leg is supported from behind, to free completelj’’ the posteromedial aspect 

of the knee. 

3. Landmarks: 

a. Medial condyle of the femur; 

b. Medial tibial tubercle; 

c. Patellar tendon ; 

d. Patella; 

e. Anteromedial joint line. 

4. Incision: The descriptions of the following incisions are taken from published 
articles b}^ Cave, Bosworth, and Fisher (Fig. 23). 

a. The Cave incision: The skin incision is begun three-eighths of an inch above and 
behind the internal femoral epicondyle. It is then curved downward to the joint line, and 
then forward one-quarter of an inch below the joint line to the patellar tendon. The flap 
formed of skin and subcutaneous tissue is dissected upAvard to expose the vastus aponeu- 
rotic expansion and the tibial collateral ligament. The anterior part of the joint capsule is 
incised just in front of the tibial collateral ligament, and the synovia is opened through the 
same incision. The posterior capsule of the joint is then opened behind the long super- 
ficial segment of the tibial collateral ligament. Therefore, two openings are made into the 
joint, — one in front of, and one behind the tibial collateral ligament. The accessible struc- 
tures are the internal semilunar cartilage (medial meniscus) and the medial portion of 
the fat pad (Fig. 24). 

Closure is effected by interrupted sutures to the fibrous aponeurosis and the fibrous 
capsule lying, respectivebq in front of and behind the tibial collateral ligament. 

b. The incision of Bosworth: An oblique incision, slanting upward and slightlj' back- 
ward, is made over the anteromedial aspect of the joint. Tlie skin and subcutaneous tis- 
sues are reflected forward, and the capsule is opened by a vertical incision at the usual 
point anteriorly, in line with its fibers. The s 3 movial membrane above the meniscus i.s 
opened between two pairs of forceps, care being taken not to cut the articular surface of th( 
underlying femoral condyle. The small s 3 movial pouch below the meniscus should b( 
opened in a similar fashion. By means of curved scissors, one blade of which is placet 
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above and the other below the 
meniscus, the anterior end of 
the meniscus can be fi ecd from 
the si’novial membrane and 
the coronarj' ligaments. The 
knee is then flexed, and the 
skin and subcutaneous ti.^'^ue 
are dissected backward to the 
collateral ligament, close to the 
capsule of the joint. This 
capsule is opened along the 
posterolateral margin of the 
femoral condjde behind the 
collateral ligament by a verti- 
cal incision in line with its fi- 
bers. The anterior portion of 
the meniscus is then passed 
backward under the collateral 
ligament, and its posterior Fig 23 

third can be visualized extend- T'vo incisions foi complete removal of the semilunai cartilages 
ing into the back of the joint. 

The posterior third is freed as far as the posterior tibial spine. When the knee is straight- 
ened, the posterior incision will be found to close tightly. The anterior incision of the 
capsule is closed with a few interrupted sutures 

In this approach the operating surgeon uses the extended and flexed positions of the 
knee, respectivelj", to facilitate exposure of the anteromedial and posteromedial portions of 
the joint. 

. c. The incision of Fisher: A curved incision is made over the anteromedial aspect of 
the joint. It is begun above at a point midwajr between the patellar ligament and the an- 
terior border of the tibial collateral ligament at the level of the apex of the patella. It ends 
below and behind, slightly inferior to the internal margin of the upper part of the tibia at 
the anterior border of the tibial collateral ligament. The infrapatellar branch of the in- 
ternal saphenous nerve should be identified and retracted. The capsule and sjmovial 
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membrane are next divided in line with the skin incision, but preferably a little nearer t 
the tibial collateral ligament, and the joint is thus opened. The semilunar cartilage i 
examined, and, if found necessaiy, the second portion of the incision is made as follows 
The anterolateral incision is temporarily'- closed with gauze, and the skin incision is contin 
ued over the inner margin of the joint slightly below the joint level; the incision is thei 
carried upu'ard and backward over the inner aspect of the posterior compartment of thi 
joint. The completed incision is thus semicircular in outline, and enables a flap of skii 
and subcutaneous tissue to be raised. A curved incision is next made in that part of thi 
capsule lying behind the tibial collateral ligament, and after the synovial lining is divided 
a good exposure of the posterior part of the joint and the posterior end of the semiluna: 
eartilage is obtained. 

Similar incisions are used for partial and complete exposure of the external semilunai 
cartilage (lateral meniscus). 

V. Bilateral Incisions 

Surgical Anatomy: The surgical landmarks on the lateral aspect of the joint, which are 
utilized in all four of the bilateral incisions, are as follows: 

1. Lateral epicondyle of the femur; 

2. Head of the fibula; 

3. Lateral margin of the upper part of the tibia; 

4. Biceps tendon; 

5. Lateral intermuscular septum; 

6. Fibular collateral ligament; 

7. Iliotibial tract. 

On the medial aspect, the important landmarks are: 

1. Adductor tubercle of the femur; 

2. Tendons of the sartorius, gracilis, and semitendinosus; 

3. Medial condyle of the femur; 

4. Medial intermuscular septum; 

5. Tibial collateral ligament. 

On the lateral aspect of the knee, the lateral intermuscular septum and the fibular collatera 
ligament form the line of separation of the anterior compartment of the knee from th< 
popliteal surface of the femur above and from the posterior compartment of the knee be- 
low. On the medial aspect of the knee, the medial intermuscular septum and the posterioi 
margin of the tibial collateral ligament separate the anterior compartment of the joint 
from the popliteal surface of the femur and the posterior compartment of the knee. 

A. Exposure of the Popliteal Face of the Femur {Henry) 

1. Medial Approach 

a. Position of the patient: “Put a sand-bag three inches thick under the buttock on the 
sound side, as he lies recumbent. Place the foot of the affected limb upon the opposite shin, as near the knee 
as possible.” 

b. Incision: “ Make a longitudinal S-inch cut which follows the bend of the limb, through 
skin and sui)erficial fascia only, so that two inches of the cut lie distal to the adductor tubercle and six inches 
arc proximal to it. Dissect back the lower lip of the wound for about an inch. Expose the sartorius just 
proximal to the level of the adductor tubercle, and free the muscle by dividing the deep fascia along its an- 
terior edge. To do this, slip one blade of the blunt-nosed scissors under the fascia, and thus avoid injuring 
the synovial membrane of the knee, which is subjacent to the sartorius when the joint is flexed. 

“The free sartorius falls back and exposes the tendon of the adductor magnus. The saphenous nerve 
leaves Hunter’s canal in front of the tendon, and travels in this region deep to the sartorius. Sometimes the 
muscle can-ies the nei-ve with it upon its deep aspect; sometimes the nerve is left like a lax string across the 
bend of the limb. It is aecompanied by a superficial branch of the anastomotica magna [arteria genus su- 
prema, B.X.A.], some twigs of which may require division. The internal saphenous vein lies superficial to 
the sartorius, and is not seen if the akin incision has been properly placed. 

“ Pick up the thin fascia immediately behind the adductor tendon. Open it as one does the peritoneum. 
Thrust in the forefinger, keeping its back against the tendon till the nail .strikes the bone at the middle of it.s 
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popliteal face. Tiic i)oplitcal vessels lie at some distance — often an inch — behind this surface; bend the fore- 
finger and gently hook them up. Work the finger along the bone and mobilize the vessels — proximally as 
far as the opening in the adductor niagnus, and distally to the notch between the condyles of the femur. An 
assistant protects the vessels with a wide retractor, and draws tlieni back with the sartorius. He draws for- 
ward the adductor tendon and the part of the vastus muscle which arises from it. 

“As the popliteal vessels are drawn back, the inconstant twigs which they send to the bone appear like 
strings across the wound; they arc easily caught and divided, and the popliteal face of the femur is laid bare. 

“The internal and external popliteal nerves [the tibial and common peroneal, B.X.A.] are not seen; they 
lie in that part of the wound which is next to the table, and are sufficiently remote from the bone to be out of 
harm’s way.” 

2. Lateral Approach 

a. PositlOJl of the patient: “The patient lies on the sound side with the sound limb e.x- 
tended. Place the knee of the affected side just in front of the other knee, so that the heel on the affected 
side rests upon the other shin: this tilts the popliteal surface to a convenient angle.” 

b. Incision: “Make a longitudinal 6-inch cut, through skin and superficial fascia onh-, 
along the hinder edge of the iliotibial tract two finger-breadths in front of the biceps tendon. The incision 
follows the bend of the limb and ends at the head of the fibula. Pick up the deep fascia immediately behind 
the iliotibial tract; divide it in the line of the skin incision, using blunt-nosed scissors to avoid injuring the 
sjmoHa of the knee. At a point just proximal to the condyle, pass the index finger into the plane of cleavage 
between the biceps belly and the intermuscular septum. Work the finger up along the septum, and gentlj' 
separate the few and slender fleshy attachments of the biceps from its posterior face. As this is done, the 
finger mil meet with two or three resistant strands — posterior branches which the perforating vessels give 
off before they pierce the intermuscular septum. Divide and tie those branches. Then, keeping the back of 
the forefinger against the edge of the iliotibial tract, pass it into the pophteal fossa until the finger-tip touches 
the bone at the middle of the popliteal face. Gentlj* hook up the popliteal vessels and mobilize them with 
the finger. Retract them back, together with the posterior wall of the wound. 

‘The popliteal aspect of the bone is now completely exposed. The two great nerves of the space — the 
internal and ex-ternal popliteal [tibial and common peroneal, B.X.A.j — are not usually seen unless thej* are 
sought. They lie on a plane slightly behind that of the vessels, and the short head of the biceps shelters 
them as thej* skirt its medial edge.” 

B. The Approach for Epiphyseodesis 

Position of the patient: The knee is held bj"- sandbags in about 30 degrees of flexion, since 
this position relaxes the hamstring muscles, and the bonj* landmarks can be readilj’’ pal- 
pated. If the lower femoral and the upper tibial epiphj'ses are to be fused at one opera- 
tion, thej* are exposed through long, curved incisions over the internal and the external 
aspects of the knee joint. If either the lower femoral or the upper tibial epiphj*sis is to be 
fused alone, then the upper or lower halves respectivelj* of the incisions are emploj*ed. 

1. Lateral aspect of the knee; The incision in the skin begins about two and one-half 
inches above the lateral condj*le of the femur, directlj* over the interval between the biceps 
tendon and the tractus iliotibialis. It curves downward and backward to the head of the 
fibula, and then gentlj* forward on the lateral surface of the upper part of the tibia. The 
lateral intermuscular septum is exposed in the upper part of the wound, and traced to its 
attachment to the linea aspera; this fz-ees some of the fibei's of oi'igin of the vastus lateralis 
from its anterior surface. The muscle is i-etracted forwai-d to expose the lateral sui’face of 
the femur and its junction with the latei-al condj'le. This junction marks the site of the 
epiphj*seal cartilage. Immediatelj* below, the capsule of the knee joint should be identi- 
fied. The supei'olateral genicular vessels appear directlj* on the bone, pas.sing forward 
after piercing, the septum, and ai-e distidbuted to the fibei-s of the vastus latei-alis. For 
good e.xposure of the epiphj*seal line of the femur, thej* maj* require ligation. 

The exposui-e of the upper fibular and tibial epiphj'seal cai-tilages is rendered safe bj* 
dissection of the common pei-oneal nerve. This structure is found bj* incLion of the deep 
fascia, directlj* posteidor and intei-nal to the tendon of the biceps muscle. From here it 
can be traced dov'nwai-d, fi-eed at the neck of the fibula, and i-etracted posteriorlj*. .-Vn in- 
cision over the upper and medial portions of the head of the fibula readilj* exposes its 
epiphj’seal cartilage. The cartilage plate of the tibia is revealed bj* downward reflection, 
"’ith a periosteal elevator, of the upper fibers of origin of the extensor muscles from the 
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arcuate line. The line of cartilage is shown by the removal of a thin section of bone one 
half to three-fourths of an inch (1.3 to 1.9 centimeters) below the margin of the joint. 

2. Medial aspect of the knee joint 

a. Incision: An incision, five inches in length, is made with its center approxi 
mately at the level of the adductor tubercle. In its upper part, it passes over the innei 
surface of the internal condyle of the femur; and in the lower part, it curves gently forwarc 
to follow the anterior margin of the tendon of the sartorius. By incision of the deep 
fascia, the anterior surface of the internal intermuscular septum is identified and traced tc 
its attachment to the linea aspera. The vastus medialis, after separation of a few fiberf 
of origin from the septum, is retracted anteriorly, exposing an interval, the floor of which is 
the internal surface of the femur and its junction with the flare of the adductor tubercle, 
The anterior and posterior walls of this space are formed, respectively, by the vastus me- 
dialis muscle and the tendinous portion of the adductor magnus. In the distal portion ol 
this space lies the epiphyseal cartilage, overlapped by the attachment of the capsule and 
the reflected sjmovial membrane of the knee joint. The genicular vessels are ligated, and 
a vertical incision is made through the periosteum downward toward the epiphyseal car- 
tilaginous plate. The periosteum, with the margin of joint capsule, is pushed downward 
laterally to expose the epiphyseal cartilage. This exposure is facilitated by raising a por- 
tion of cortical bone. 

The upper tibial epiphysis is now exposed by incising the deep fascia along the ante- 
rior margin of the sartorius tendon. The infrapatellar branch of the saphenous nerve lies 
forward and need not be exposed. In the depth of the wound the anterior margin of the 
tibial collateral ligament is found and retracted backward. The epiphyseal cartilage is 
located directly in front of this ligament and from one-half to three-fourths of an inch be- 
low the upper margin of the tibia. 

C. The Posterolateral and Posteromedial Approaches {Henderson) 

Indications: Removal of loose bodies from the posterior compartment of the knee. 
Position of the patient: The position of the patient is the same as that for the re- 
moval of the semilunar cartilages. The patient is placed in a modified Trendel- 
enburg position, with the knee flexed to a right angle over the end of the table. 

1. The posterolateral approach 

a. Incision: A curved incision, from three and one-half to four inches in 
length, is made over the interval between the biceps tendon behind and the iliotibial tract 
in front. In the upper part of the interval, the external intermuscular septum is traced to 
the linea aspera, two inches above the lateral condyle of the femur. The lateral condyle 
of the femur is then exposed, with the origin of the fibular collateral ligament. Lying 
between the biceps tendon and the fibular collateral ligament, the tendon of the popliteus 
is identified. Beneath this tendon lies the lateral condyle of the femur, and, with the re- 
traction of the tendon posteriorly, the posterolateral aspect of the knee-joint capsule is ex- 
posed. A vertical incision is made in the capsule, with exposure of the posterolateral as- 
pect of the joint as far inward as the intercondylar notch. 

2. The posteromedial approach 

a. Incision: A curved incision with its convexity forward, three and one-half 
inches in length, begins at the adductor tubercle and is extended downward, following the 
course of the tibial collateral ligament. The structures identified after incision of the skin 
and subcutaneous tissues are the tibial collateral ligament and the sartorius muscle. 
With flexion of the knee, the sartorius is retracted posteriorly, and the oblique portion oi 
the tibial collateral ligament is exposed and incised. The posteromedial compartment ol 
the knee can be inspected lateralb" as far as the intercondylar notch. 

D. Posterior Capsiilotomy in Flexion Contracture of the Knee Joint {Wilson) 

Position of the patient: The patient is supine, with the knee flexed from 20 to 30 
degree.-^. 
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Incision: ^'el•tical incisions are made on the posteromedial and posterolateral 
pects of the lower end of the femur. The hamstring tendons are lengthened, and the 
ntracted fascia is divided. A transverse incision is then made through the periosteum 
the posterior surface of the lower end of the femur, and this structure, together with the 
igin of the capsule, is freed from the femur. The flexion contracture of the joint is thus 
leved. 

.. Approaches to the Posterior Aspect of the Knee 
Surgical Anatomy: The popliteal fossa is a diamond-shaped space, which is bounded 
lOve by the hamstring muscles and below by the converging heads of the gastrocnemius 
uscle. TheToof of the fossa is covered bj' the popliteal fascia, which is a direct continua- 
in of the fascia lata. The popliteal fascia is pierced by certain structures which are im- 
atant to the surgeon as landmarks. At the lower apex of the fossa, tying quite deeply 
itween the heads of the gastrocnemius muscle, is the posterior cutaneous nerve of the 
If. After piercing the fascia, it passes upward within the fossa to become the uppermost 
anch of the posterior tibial nerve. As the first step in the dissection of the popliteal 
ssa, the posterior cutaneous nerve of the calf is identified, and serves thereafter as a guide 
trough the popliteal fat to the underlying posterior tibial nerve. The popliteal vessels lie 
iterior and medial to the posterior tibial nerve. Immediatelj”- lateral to the posterior 
itaneous nerve of the calf is the external saphenous vein and the posterior cutaneous 
:rve of the thigh. Two other nerve branches in this region which might confuse the 
irgeon are the lateral cutaneous nerve of the calf and the anastomotic peroneal nerve, 
hey arise as single branches or from a parent trunk from the common peroneal nerve and 
iss over the lateral head of the gastrocnemius under the fascia lata. The lateral cutane- 
is nerve supplies the skin on the anterolateral aspect of the proximal part of the leg, while 
le anastomotic peroneal branch proceeds downward to join the posterior cutaneous nerve 
the calf a short distance distal to the middle of the leg, forming the sural nerve. At the 
pper part of the fossa the common peroneal and posterior tibial nerves join to form the 
iiatic nerve. The popliteal artery and vein with their genicular branches lie deep in the 
issa, anterior and medial to the great nerve trunks (Fig. 25). 

A. The Mid-Line Approach to the Popliteal Space 

1. Indications: 

a. Exposure of the sciatic nerve and its branches; 

b. Neurectomy of the popliteal nerves in spastic paratysis; 

c. Aneurysm of the popliteal vessels; 

d. Flexion contracture of the knee mth contracture of the hamstrings and 
posterior capsule of the knee joint; 

e. Removal of loose bodies in the posterior compartment of the knee; 

f. Rupture of the posterior cruciate ligament. 

2. Position of the patient: The patient is placed in a prone position, with slight 

flexion of the knee. The lower extremity is supported on a narrow sandbag 

which raises it above the level of the opposite leg. 

3. Landmarks: 

a. Hamstring tendons (internal and external) particularh' the semiten- 
dinosus ; 

b. Heads of the gastrocnemius; 

c. Head of the fibula. 

4. Incision: One of two incisions may be employed, — vertical or curvilinear, 
'he curvilinear incision is preferable, because it is less likely to form a keloid. In making 
his incision, the principal guide is the tendon of the semitendinosus muscle, which can be 
elt as a cordlike structure, passing obliqueh' dovmward and inward across the postero- 
medial aspect of the joint. The incision is begun about three to four inche.s (7.5 to 10 

oc. XXVIt, XO. 2. Aruil. 1045 



304 


h. C. ABBOTT AND W, F. CARPENTER 


centimeters) above the knee joint, follows the tendon of the semitendinosus downward t 
the level of the joint, turns laterallj^ across its posterior aspect for a distance of about tw 
inches (5 centimeters), and is continued downward again over the lateral head of the gas 
trocnemius. The skin is reflected to expose the popliteal fascia. 

The first structure to be identified is the posterior cutaneous nerve of the calf, as i 
lies beneath the fascia rather deeply between the two heads of the gastrocnemius (Tig. 2Q] 
It is accompanied bj'’ the cutaneous branch of the popliteal vein. Lateral to this nervt 
the external saphenous vein is also seen perforating the popliteal fascia to join the poj; 
liteal vein at the middle of the fossa. Still farther laterallj'’ and again deep to the fascit 
the anastomotic peroneal nerve and the lateral cutaneous nerve of the calf are seen. Th 
posterior cutaneous nerve of the calf is the clue to the dissection. Traced proximally, i 
joins the posterior tibial nerve as its first branch. The location of the posterior tibia 
nerve, so readily found by this method, enables accurate dissection through the mass c 
fat which occupies the popliteal fossa. It is traced downward until one can see th 
branches to the heads of the gastrocnemius, the plantaris, and the soleus muscles. Thes 
branches are accompanied by arteries and veins and muscular branches from the poplitea 
vessels. The posterior tibial nerve is then followed proximally to the apex of the fossa 
where it joins the common peroneal nerve to form the sciatic. The common peronea 
nerve is dissected downward along the medial border of the biceps muscle and tendon, car 
being taken to preserve the lateral cutaneous nerve of the calf and the anastomotic branch 
As already stated, these two nerves may arise singly or from a common stem. The com 
mon peroneal nerve is followed to the head of the fibula, where it lies between the media 
border of the biceps and the latei'al head of the gastrocnemius (Fig. 27). The poplitea 
artery and vein are now exposed, lying directly anterior and medial to the posterior tibia 
nerve. By gently retracting the artery and vein, the superolateral and superomedia 
genicular vessels can be readil}'- found. Traced outward, these vessels pass just proxima 
to the heads of origin of the gastrocnemius, beneath the hamstring muscles on either side 
The next important step to facilitate wide exposure of the floor of the fossa is the section 
ing of the tendon of origin of the medial head of the gastrocnemius (Fig. 28). This tendi- 
nous origin is freed from the femur and turned laterall}'- to serve as a retractor for tin 
popliteal vessels and nerves. Still greater access can be secured by ligation of one or morf 
of the genicular vessels. If the posterolateral aspect of the joint is to be exposed, the 
lateral head of the gastrocnemius is dealt with in a similar fashion. With retraction of the, 
larger vessels and nerves, the floor of the fossa is seen with the insertion of the semimem- 1 
branosus into the tibia, and its fascial expansions to the oblique popliteal ligament, to the| 
popliteal fascia, and to the tibial collateral ligament (Figs. 29 and 30). 

The structures which are made accessible by the posterior mid-line approach are the - 
posterior capsule of the knee joint, the posterior part of the semilunar cartilages (menisci), 
the posterior compartment of the knee, the posterior aspect of the condyles of the femur, , 
the posterior aspect of the condyles of the tibia, and the origin of the posterior cruciate 
ligament. 

The wound is closed by three layers of interrupted silk sutures to the capsule, to the 
deep fascia, and to the skin. The closure of the popliteal fascia is best effected by placing 
all sutures, and then drawing them taut and tying them one b}”- one. 

VII. Approaches for Drainage of Sepsis of the lOiee Joint 

Surgical Anatomy: The incisions which are used in sepsis of the knee joint are devised 
to drain the anterior compartment of the knee and the popliteal space. The structure.s 
which separate the anterior compartment and the popliteal space are the lateral and medial 
intermuscular septa, the fibular collateral ligament, and the tibial collateral ligament. If 
incisions are made to expose the anterior surface to the intermuscular septa, the anterior 
compartment of the joint is exposed. If the posterior surfaces of the septa are followed, the 
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popliteal space is entered. Incisions in front of the collateral ligaments expose the ante- 
rior part of the joint, Avhile incisions posterior to the collateral ligaments enter the poste- 
rior compartment of the joint. In the popliteal space, there are certain fascial planes and 
bursae which are worthy of consideration from the viewpoint of the surgeon. The bursae 
between the semimembranosus and the medial head of the gastrocnemius frequently com- 
municate with the knee joint. Consequent!}'', incisions opening these bursae often lead 

directly into the joint. This is the ra- 
tionale of the Klein approach on the 


Fig. 26 

The mid-line appioach to the popliteal space ivith 
exposure of the postenoi cutaneous nerve of the calf. 

posteromedial aspect of the joint. The popliteus tendon pierces the capsule of the joint, 
and a pouch of synovial membrane is prolonged on the anterior surface of the popliteus 
muscle. This latter is the rationale for the posteromedial incision for drainage ol a pop- 
liteal abscess. The fascia of the semimembranosus and the popliteal fascia form a con- 
tinuous sheath overlying the posterior compartment of the joint. Incisions from the 
posteromedial surface of the tibia can be followed along the anterior surface of the poplit- 
eus muscle to the postero-external aspect of the knee. Furthermore, this incision can be 
carried to the posteromedial condyle of the femur by dividing the insertion of the semi- 
membranosus to the posterior part of the tibia. This permits adequate drainage of the 
posterior aspect of the knee, Awthout exposing the popliteal vessels; such exposure in the 
presence of pus and drains may often lead to serious secondary hemorrhage, and not infre- 
quentl}'^ to amputation. 

A. Parapatellar Incisions 

1. Indications: 

a. Drainage of the anterior compartment of the knee joint. 

2. Position of the patient: The patient is supine with the knee in slight flexion. 

3. Landmarks: 

a. Patella; 

b. Joint line; 

c. Condyles of the femur; 

d. Head of the fibula. 



Fig. 27 

The mid-line incision with exposuie of the 
sciatic nerve and its divisions. 
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Fig. 28 

The mid-line posterior approach to the popliteal 
space Tilth exposure of the medial head of the 
gastrocnemius muscle. 



Fig. 29 


The mid-line posterior incision n ith division of 
the tendinous origin of the medial head of the 
gastrocnemius and exposure of the capsule of the 
joint. 


4. Incision: Two vertical parapatellar incisions are made on both sides of the 
knee Theji extend from the apex of the patellar pouch above to the maigin of the tibia 
below. Altei native vertical incisions are of the multiple short variety, or two horizontal 
incisions may be made extending backward from the middle of the patella to the anterior 
niargins of the collateral ligaments In these 
incisions, it is often necessary to sew s 3 ’’novial 
membrane to the skin to ensure adequate diainage, 
as no drains are placed within the joint. 

B. The U-Shaped Incision 
1. Incision - A U-shaped incision is also 

useful for compound fiactures with seveie sepsis. 

In the last War one of the writers (L C A ) used it 
as a life-saxdng measure or as a preliminai 3 '^ to 
amputation The incision is made thiough the 
skin, patellar tendon, the deep fascia, and apo- 
neurosis of the vasti. The U-shaped flap is 
turned upward, opening the joint widel 3 ’^ The 
patellar tendon is stitched to the skin on the an- 
terior aspect of the thigh. With the knee flexed, 
excellent drainage is secured. 

C. The Posteromedial Tibial Incision 

1. Indications: 

a. Drainage of popliteal abscess. 

2. Position of the patient: The patient is supine, mth the knee flexed to .30 de- 
grees, and the hip in external rotation. The side of the foot rests on the op- 
posite tibia. The prone position ma 3 '’ also be used with the entire lower ex- 
tremit 3 ' on a sandbag well above the level of its fellow. 
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Fig 30 

Dissection of the pophtcal space (Re- 
drawn from Spalteholz) 
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3. Landmarks: 

a. Posteromedial border of the tibia; 

b. Posteromedial border of the cond 5 des of the femur; 

c. Internal hamstring gi-oup. 

4. Incision: An incision, four inches in length, is made through skin and subcu 
taneous tissue over and well behind the posteromedial border of the upper one-fourth o 
the tibia to avoid exposure of the saphenous vein and nerve. These structures lie anteri- 
orly in the subcutaneous fat, the vein usually in two divisions, one placed subcutaneously 
and the other lying in the subfascial portion. The deep fascia is incised in line of the skii 

incision, and the soft parts an 
drawn forward to expose th( 
posteromedial border of th( 
tibia. 

The posteromedial bordei 
of the tibia and the fasciai 
covering of the medial head oi 
the gastrocnemius are now ex- 
posed. This fascia is incised, 
and the gastrocnemius muscle 
is traced upward as far as its 
tendinous insertion of origin 
from the femur. The muscle 
is separated from its fascial 
covering to permit its retrac- 
tion inward. The posterior 
surface of the upper end of the 
tibia is now displa 5 '-ed. Upon 
it lies the popliteus muscle and 
its insertion into the medial 
side of the tibia at the oblique 
line. From the oblique line, 
passing downward and medi- 
ally, the fibrous origin of the 
soleus from the tibia is seen. 
The popliteus muscle is cov- 
ered bj’- fascia which is directly 
Fig. 31 continuous with the fascia 

A: The incision on the posteromedial aspect of the upper end of the overlying the semimembrano- 
tibia and the lower end of the femur for drainage of popliteal abscess. . *.4.1 

B: The posterolateral incision for counter-drainage of popliteal SUS (rig. ou). At tne uppei 
abscess. border of the popliteus, the 

inferomedial genicular ves- 
sels are disclosed; tvhile lateral and posterior to the popliteus, the posterior tibial nerve 
and arterj'^ can be felt as they are crossed b 3 '- the tendon of the plantaris. The insertion of 
the popliteus into the tibia is divided, and the clamp passed upward and outward along 
its anterior surface until it reaches the e.xternal cond 3 de of the femur (Fig. 31, A). This 
pad of muscle and popliteal fascia forms a protection for the popliteal vessels, veins, and 
nerves which lie posteriorly. 

During the last War, in cases of marked sepsis of the knee, it was our practice to carry 
the incision upward with division of the tendons of the sartorius, gracilis, and semitendi- 
nosus, and the capsule of the knee joint on its posterior medial aspect. In addition, coun- 
ter-incisions were made over the posterolateral aspect of the joint to ensure better drainage. 

A more conservative procedure would be the posteromedial incision over the tibia, com- 
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billed inth the operation described b}'’ Klein. Tliis operation, with counter-incision over 
the postero-extcrnal aspect of the joint, gives complete drainage without undue hazard to 
vital structures. 

D. Arthrotomy of the Knee by a Posteromedial Femoral Ineision (Klein) 

1. Indieaiions: 

a. Drainage of the posteromedial aspect of the knee in sepsis. 

2. Position of the patient: The patient is placed in the prone position, ■with the 

' leg supported on a sandbag which raises it well above the level of the opposite 

leg. 

3. La}idmarks: 

a. j\Iedial hamstring muscles; 

b. jMedial condyle of the femur; 

c. Joint line; 

' d. Upper medial margin of the tibia. 

4. Incision: The incision is four inches in length, and is made over the postero- 
medial aspect of the knee, just lateral to the semitendinosus, its center being over the line 
of the knee joint. The subcutaneous fascia is incised, and the tendons which are exposed 
are the sartorius, the gracilis, and the semitendinosus, lying over the posterior and the 
posteromedial aspects of the internal condjde of the femur. Directly posterior to the 
isartorius is the saphenous branch of the arteria genus suprema. On the surface, but deep 
to the fascia lata, is the internal saphenous vein. The intervals between the gastroc- 
nemius and the semimembranosus are identified, and the gastrocnemius is then followed 
■up to its insertion into the medial condyle of the femur. In this latter interval between 
the gastrocnemius and the semimembranosus, the capsule is exposed and incised. 

E. Incisions for Counter-Drainage on the Posterolateral Aspect of the Knee. 

' 1. Incision: Curved or straight incisions for drainage on the posterolateral sur- 

face of the knee are made between the iliotibial tract and the biceps tendon. The capsule 
is incised behind the fibular collateral ligament, with exposure of the tendon of the pop- 
liteus muscle where it inserts into the lateral epicondyle of the femur. If used with the 
posteromedial approach, through-and-through drainage is obtained (Fig. 31, B). 


SUMMARY 

In this article the VTiters describe the anatomical details of the surgical approaches 
which they have found to be the most successful in operations upon the knee joint. This 
judgment is based upon their clinical experience and that of their colleagues (including a 
study of motion pictures taken while operations upon this joint were being performed), 
upon a comprehensive review of the available literature on the subject, and upon a survey 
of a number of dissections performed on cadavera and freshly amputated specimens. 

The WTiters wish to express their appreciation to Dr. John B. deC. M. Saunders, Professor of Anatomy, 
who has been generous udth his time and his exact knowledge of both human and comparative anatomy. 
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ADJUSTABLE CASTS IX THE TREATMENT OF JOINT DEFORMITIES 

BY FREDERIC \V. RHIXELAN'DER, M.D., AND XIARIAK W. ROPES, M.D. 

BOSTON’, MASSACHUSETTS 

From (he Orthopaedic and Hcdical Departments of the Massachusetts General Hospital and the 
Harvard M edical School, Boston 

The value of supporting plaster casts for the prevention and correction of deformities 
1 joint disease, particularl 3 '’ in rheumatoid arthritis, is well recognized. Support of an 
ivolved joint, which is kept flexed bj' muscle spasm, permits the spasm to subside, and 
Hows the flexion deformitj"^ to diminish. The simple bivalved varietj’' of cast has been 
sed successfuUj" for manj- j'ears on the Arthritis Service at the Massachusetts General 
lospital. Bivalved casts have been used so that thej”^ could be removed several times a 
ay, in order that the joints might receive hot packs and exercises in bed, important fea- 
ures of the treatment. As soon as a flexion deformity had decreased by 10 degrees or so, 
new cast of the same type was made, thus permitting further relaxation of the joint. 

For the past two and a half j^ears these bivalved casts have been made adjustable by 
he application of hinges. Adjustable casts, particularly for knees and elbows, have been 
[)und to possess several advantages. Much time, material, and labor are saved b}'^ avoid- 
ig the necessity of frequent renewal of an entire cast when the deformity is improving, or 
I’hen, as occasionallj’- occurs during an exacerbation of the disease, it is temporarib’’ in- 
reasing. Compensation for variations in the amount of flexion deformity can be more 



Fig. 1 

Types of hinges used in pairs for knees (A, B, and C) and elbows (A and B). 

* is publieation No. 84 of the Robert W. Lovett Memorial Foundation for the stud}' of crippling 
disease Harvard Medical School. 

Fund' ^ expenses of this investigation have been defrayed in part by a grant from the Common^^calth 
roi, XXVII. xo. 2 , 


ArniL 104S 


311 



Posterior shells of two leg casts with screw-type hinges (See Fig. 1, C). 
A: Position of flexion deformity in which casts had been applied. 

B: Corrected position obtained. 


accurately achieved by a mechanical adjustment, which can be altered dailjr if necessary. 
A cast which accommodates itself to the deformity closely at all times is most effective in 
accomplishing relaxation of the muscles which are in spasm about an inflamed joint. 

The photographs demonstrate the varieties of adjustable casts employed on knees. 
The two bivalved types shown in Figures 2 and 3 are used most frequently. The non- 
removable type illustrated in Figure 4 is occasionally employed on selected patients. The 
metal hinges * (Fig. 1) used on all casts have been easily made in the Orthopaedic Work- 
shop of the Hospital. One pair of hinges is used repeatedly on successive patients. 

The casts shown in Figure 2 are employed on joints with severe flexion deformities 
of an acute or subacute nature. The casts are applied cylindrically over two thicknesses 
of sheet-wadding from toe to groin, with the ankle and knee in as fully corrected position 
as is possible without strain. As soon as the plaster has set, the cast is bivalved, making 
the posterior shell about twice as deep as the anterior shell. The cast is removed and the 
sheet-wadding discarded. The plaster shells are placed in a warm cabinet for drying. A 
pah' of metal hinges (Fig. 1, C) is riveted to the posterior shell, at the level of the femoral 
condyles. After the hinges have been attached, the plaster is sawed across to permit 

* The hinge, shown in Figure 1, C, is a modification of Turner irons as regards construction, but it 
the important functional difference that the undesirable element of constant pressure, generally exerted d) 
Turner irons, is eliminated. . 

This is, as far as we know, the first time that hinges of the type shomi in Figure 1, A and B have ott 

used on adjustable casts. 

THE JOURNAL OF RONE AND JOINT SURCERl 



adjustable casts for joint deformities 


313 


motion as the liingo is adjusted. The anterior shidl is onlj’- partlj'- sawed through, from 
each side. The middle segment of jilaster overljdflg the patella is fractured to act as a 
hinge. Adhesive plaster and leather, riveted in place, are used as reinforcement, permit- 
ting sufficient flexibility to accommodate this shell to the altered positions of the posterior, 
supporting shell. Finallj’’, after irregularities on the inner surface of the plaster have been 
smoothed off, the cast is padded. Two thicknesses of sheet-wadding or a thin layer of 
soft felt are covered bj”' one thickness of stockinette, fastened to the edges of the plaster 
by adhesive tape. The stockinette follows closelj'^ the contours of the cast. It is impor- 
tant that the stockinette should nowhere act as a sling. This is especially difficult to pre- 
vent at the heel, where the avoidance of pressure is most important. The stockinette 
should be laid loosel 3 '' but evenlj’' along the bottom of the depression for the heel. This 
produces a fold of stockinette on either side. These folds should be cut out, and the cut 
edges of stockinette overlapped bj’’ a strip of adhesive down each side of the heel. 

The hinges (Fig. 1, C) are attached to the posterior shell of the cast by rivets. Ad- 
justment of the hinges bj-^ the lock nuts on the screivs is readilj’- carried out with a pair of 
pliers. The nuts must be kept tight enough to prevent the patient from turning them 
himself. In making an adjustment, care is taken that the cast is not extended far enough 
to put strain on the affected joint, rather than to support it at rest, as is necessary to re- 
lieve muscle spasm. In other words, when a cast is adjusted, extension is increased only 
to the amount of taking up the slack between the present position of maximum extension 
obtainable without strain and the position at the last adjustment of the hinges. 

This type of hinge (Fig. 1, C) is used on hospital patients who have severe flexion de- 
formities. When a patient has only a mild flexion deformity, or is going to wear the cast 
at home, the type of "hinge” shown in Figure 1, 5 is employed. Plaster shells are made 
as already described. A metal strip, the central portion of which has been twisted through 
an angle of 90 degrees, is riveted to either side of the posterior shell at the knee (Fig. 3). 
By the use of "bending irons” (or two monkey wrenches) on the central portion of each 
strip, the flexion at the knee can readilj'- be increased or decreased. It is essential that 
the metal strip be fairly stiff. The middle, flat portion need be only long enough to ac- 
cept readily the bending irons. The leather hinge, used on the anterior shell of this type 
of cast, is the same as that described previously. 

Bivalved casts with one of the above types of hinge are worn at night and for part of 
the morning and afternoon. It is essential that they be removed for regular periods every 
day. During such intervals hot packs are applied to the joints, and the patients are 
permitted to move their joints freely in bed, or are given supervised exercises without 



Fig. 3 

■'interior .and po‘:terior shells of leg cast with bendable strip “hinge='’ (See 1 ig. 1. /?•. Po-ition 
of hnal correction. 
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weight-bearing. When the patients are awake and in the supine position, and are coopera- 
tive, it is not necessary for the tops of the casts to be used. At night the tops are held in 
place by webbing straps. 

These bivalved casts are employed on joints where it can be expected that relaxation 
of muscle spasm by simple support of the limb for periods during the day and night will 
bring about correction of a recently acquired flexion deformity. On carefully selected 
patients in whom the flexion deformity is of long duration and has not responded to a 
bivalved cast, an adjustable cast (Fig. 4), which embodies a more constant corrective fac- 
tor, can be used, if- synovial inflammation is absent or relativel}’- quiescent. This cast is 
non-removable, and, while extension is being gained, there may be an associated loss of 
flexion. Such a cast is used, therefore, only ivhen straightening a leg is of paramount im- 
portance, — as for instance ivhen walking is the primary concern. 

A well-padded plaster cylinder is applied from toe to groin, with the knee in maximum 
free extension ; and it is not bivalved. After the plaster has hardened thoroughly, a pair 
of simple metal hinges (Fig. 1, A) is attached opposite the femoral condyles with plaster 
bandages (Fig. 4). The axis of rotation on each hinge should be situated slightly anterior 
to the axis of the femoral condyles about which the tibia rotates. This produces a tend- 
ency for the joint surfaces to be distracted, as the cast is extended. It is important, 
however, that the cast axis of rotation should not be too far anterior, for that would induce 
too great a shift of the cast on the leg, as it was flexed and extended. 

The cast is sawed circularly at the level of the hinges. The sawing at the two sides 
should be carried out before the hinges are placed. After the hinges are firmly attached, 
sawing the front and back can be readily completed. The plaster over the patella should 
be removed, as well as that over the dorsum of the foot (Fig. 4, C). The latter permits ex- 
ercise of the ankle. A segment of plaster maj'' also be removed from behind the knee to 
allow additional flexion during the exercise periods. Since such a cast does shift some- 
what on the leg as. extension is gained, it is very important to watch closely for excess pres- 
sure on the skin at any point, and to question the patient on this score. Development of 
undue pressure can be avoided by anticipation. The cast in the photograph has been 
cut out over the lateral malleolus to prevent such pressure. 

During most of the twenty-four hours, maximum extension of the knee is maintained 
by placing a block of wood in the gap in the cast behind the knee (Fig. 4, B, white arrow). 
A notch in each end of the block keeps the latter from falling out. Hardening the cut 
edges of the cast with several coats of collodion makes the block easier to insert and remove 
without fraying the plaster. Again, it is essential that no force be used in inserting the 
block. Forcible extension produces pain and protective muscle spasm, thus retarding the 
correction process, A longer block of wood to fill the widening gap is adopted only when 
sufficient slack for further free extension has developed, usually after five to seven days. 

It is extremel}'- important that motion at the affected joint be performed daily. The 
block is removed for brief periods several times a day for active exercise. The photograph 
(Fig. 4, A) shows the ankle in a sling, which is rigged to a handle by a pulley on a Balkan 
frame, to aid the patient in exercising the joint by himself. It is much safer to use a block 
of wood than an adjustable mechanical device to maintain extension in these casts, be- 
cause in this way it becomes impossible for anjffiody inadvertently to apply more extension 
than the length of the block produces. Such a cast must not rest on the heel, as that would 
lead to strain at the knee joint. The cast should be supported by a pillow beneath the 

calf of the leg. . . 

It must be emphasized that this type of non-removable cast is used only where it is 
thought to be more important to gain maximum extension of the leg than to preserve 
maximum motion at the joint. Even so, while extension is being accomplished, all po.s- 
sible motion is preserved by the frequent removal of the block for exercise of the joint. 

For elbows, adjustable casts are used with similar precautions. All casts are applied 
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in maximum free extension. It is important to place the axis pf rotation of hinges opposite 
the humeral condyles, and not opposite the olecranon. When bivalved casts are em- 
ployed, the metal strip “hinges ” which are adjustable by bending irons are used (Fig. 1, B). 
The more elaborate screw type of hinge (Fig. 1, C) would be too bulky for the elbow. The 
metal strips are riveted to the deeper posterior shell, and a segment of plaster is cut out 
over the olecranon to permit extension. The anterior shell is partially cut, fractured, and 
reinforced with leather, as on knee casts. Non-removable casts with simple hinges (Fig. 
1, A) and a wooden block are employed for the same indications as in the knee. The de- 
tails of the application and the cutting of the casts are also essentiallj^ similar. 

Bivalved and solid casts, with adjustable screw hinges or with bendable metal strips, 
have been emplo 3 ''ed in the correction of equinus and varus deformities at the ankle. 
Volar wrist splints, which are held in place by webbing straps, have been fitted with 
bendable metal strips to accommodate them to gains in extension. By far the most 
frequent and valuable use of adjustable casts, however, has been for knees and elbows. 

SUMMARY 

T5''pes of adjustable plaster casts which have been used advantageous!}'- for the treat- 
ment of flexion deformities of knees and elbows in patients with rheumatoid arthritis and 
other joint diseases have been described. Such casts remain effective for many weeks, 
and represent a great saving of time and labor as compared Avith the practice of making an 
entirelj'- new cast every Aveek or tAvo, as the deformitj'- of a joint improA'es. Furthermore, 
in comparison AA'ith other varieties of casts and traction, it has become apparent that these 
hinged casts, kept AA'ell adjusted to the joints and AA'ithout strain at all times, provide the’ 
most effective correction of deformities. The importance of daily exercise of the joints 
Avithout AA'eight-bearing cannot be too strongly stressed. Although adjustable casts ex- 
hibit their chief A'alue for knees and elboAA's, the}'- are useful occasionally at other sites 
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RESEARCH WORK ON A MORE PRECISE :\IETHOD OF DETERMINING ' 
MUSCLE STRENGTH IN POLIO:\IYELITIS PATIENTS 


A New Muscle Tester *t 

BY ADOLPH A. SCHMIER, M.D., NEW Y'ORK, N.Y'. 

The purpose of this studj^ has been to devise a more accurate method of determining 
the strength of muscle groups in poliomyelitic patients. The work was instituted at the 
Hospital for Joint Diseases and has been carried out on the Services of Dr. Leo Maj'^er, 
Dr. Harry Sonnenschein, Dr. Heniy Milch, and Dr. Jerome Weiss. 

The assumption that a single muscle can contract without stimulating agonistic as 
well as antagonistic muscles is not generallj-^ true. We are unable to evaluate the actual 
strength of individual muscles unless all neighboring muscles have lost their function, 
either by loss of innervation or by their section. Even the strength of a group of agonistic 
muscles cannot be definitel}^ determined, unless we allow for the action of antagonistic 
muscle groups. Actuallj’^, we test the resultant action of a group of muscles to move a 
segment of the body about its axis of motion, or joint; and the strength with which it can 
do so. The strength with which a segment of the bodj"^ moves also depends upon the 
synergistic response of distant muscles, which bj’^ their action do not even move the seg- 
ment being tested. These latter muscles fix or stabilize the neighboring movable part of 
the body, in order to allow the muscles being tested to have a firm origin from which to 
pull. For instance, during knee extension against resistance, with the patient either in the 
sitting or side-lying position, the hip extensors tend to fix the thigh in complete extension. 
Without such thigh stabilization, the knee cannot be extended with maximum strength. 
If two patients with exactly equal knee-extension power but unequal hip-extension power 
were examined, it would be found that the recorded knee-extensor strength would be 
stronger in the case with stronger hip extensors. In other words, a patient cannot use a 
muscle group to the greatest advantage unless distant muscle groups, which have no pri- 
mary action in moving the tested segment around its joint, function S3mergisticall3’’ so as to 
enhance the power of the muscle group being tested b3' stabilizing the adjacent bod3’- 
segment. This principle is taken advantage of when testing patients with the scale 
method, b3^ stabilizing the adjacent segments mechanicall3". 

For practical purposes, we can enumerate the various muscles which move a given 
segment of the body in a certain direction. We can then assume that the strength with 
which the segment moves in this direction is the actual strength of the muscles enumerated. 
In order to evaluate the proportional strength of each of these muscles separatel3", two 
methods are open to us. The first is the method of palpation. The examiner palpates the 
muscle in order to estimate its contractilit3’' and approximate strength. The result varies 
with the subjective knowledge and abilit3’^ of the examiner and is, therefore, unreliable. 
The second method of determining the proportional strength of a single agonistic muscle is 
h3^ emplo3dng the isolation test. It is carried out in such a wa3^ that the tested segment 
of the bod3^ is moved primarib^ b3' a single muscle. The other agonistic muscles are 
placed at a mechanical disadvantage b3' being completeh’ relaxed; thus their effective 
action is minimized. For instance, the combined action of the gastrocnemius and soleus 
plantar-flex the foot. B3' completeh’^ flexing the knee, the gastrocnemius is relative^' 

* Presented to The Xew York Chapter of The American Physiotherapy .Association, January 15, 1941, 
and to The Xen- York Phj'sical Therapy Society, Februarj’ 5, 1941. A talking motion picture in color, il- 
lustrating the apparatus and technique of examining patients was exliibited at tlie ninety-second annual 
session of The American Medical Association in Cleveland, Ohio, in June 1941, and to The .American Physio- 
therapy .-^sociation at Stanford University, Palo .Alto, California, in July 1941. 

t Phis research was aided by a grant from The Xational Foundation for Inhantile Paralysis, Inc. 
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lengthened and relaxed, thereby 
diminishing its tension and 
its contracting efficiency. It 
is now unable to contract suffi- 
ciently to plantar-flex the foot 
ndth any appreciable power. 
T he soleus, therefore, becomes 
primarily responsible for plan- 
tar-flexion of the foot. 

It has long been known 
that the determination of mus 
cle strength by the manna 
method is only approximate 
and attempts have been made 
first by Lovett and Martin, tc 
increase the accuracy of these 
tests. Some years ago, the 
writer began to employ a rec- 
tangular spring scale with ink 
pointer attachment in order to 
record the results in pounds 
and ounces. The original 
method has been reported in a 
previous publication.'* 

In order to record the 
maximum strength of a muscle group, the following principles must be adhered to. The 
scale must be strong enough to prevent the tested segment from completing its arc of 
motion. Each of the rectangular spring scales yvas so constructed that its indicator was 
required to go through an excursion of Rve inches for maximum recording. Since man; 
body segments do not move normally through a 5-inch range, it was impossible to deter 
mine their maximum strength with these scales. It was, therefore, necessary to replae 
the rectangular scales with a single circular scale of sufficient strength to test the stronges 
muscle group in the body. Circular scales require a minimal arc of motion of their indi 
cator, in order to record maximum strength. This applies equally'- to the cii-eulai-sprini 
and gravity-lever type of scale. It u'as ascertained that either would be satisfactoiy; 
provided it is circular. A 180-pound scale of the gravity-lever type was obtained, permit- 
ting readings as low as four ounces. This scale requires a minimal arc of motion to record 
maximum strength. A maximum lever pointer was attached to the scale, thereby allow- 
ing the examiner to perform the test without the necessity of watching the scale. It was 
attached to the glass cover of the circular scale by means of a ball-bearing rotating joint. 
Its movement coincides with the movement of the regular indicator, and when the tested 
muscle relaxes, the maximum lever pointer retains the position of maximum muscle pull- 
It therefore allows the maximum muscle strength to be read after the test is completed. 
This scale is similar to that used by May'-er and Greenberg.^ It differs in that it ha.s a 
special housing, a special base, and a maximum lever pointer; it can be attached to the 
table in any^ desired position. 

The table employed has been designed in order to test all important muscle groups of 
the trunk as well as the extremities with the least possible source of error and the leas* 
discomfort to the patient. It has a flat top surface with narrow trunk end and wid 
extremity end. Triangular sections of the top can be removed, allowing the trunk portin 
to swivel from side to side by' means of a ball-bearing joint, when an appropriate lock i 
released. By stabilizing the pelvis, the strength of the muscle groups that move the trunl 
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Fig. 1 

Moment of force. An equal force acting through the spanner on 
the bolt A in the directions BA, BE, BD, BC ivil) pi-oduce the great- 
est moment of force when acting along the direction BC. The 
moment of force depends upon: 

1. The magnitude of the force acting. 

2. The distance of the force from the axis of the body upon 
which it acts, measured along a line at right angles to the line of 
action of the force. 
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Fig. 2 

Optimum angle for obtaining maximum moment of flexion force at elbow. From mathematical 
standpoint, the moment of flexion should be greatest with the tested movable segment at right 
angles to the neighboring fixed segment. In the human body, however, we must consider the po- 
sition which gives the maximum muscle tension or muscle tone. In the elbow it is 180 degrees for 
the flexors. A combination of both factors determines the proper angle to measure muscle strength. 

The optimum angle for elbow flexion is 115 degrees. 

can be determined. By locking the movable portion of the table, and replacing the tri- 
angular sections, an intact, flat top, table surface is obtained for testing the extremities. 
Two metal rails encircle the table. The upper rail permits the various appliances to be 
attached to it in any desired position for stabilizing the patient on the table. The scale is 
mounted on a triangular base with ball-bearing rollers and moves along the lower encircling 
rail. It can be fixed to the rail in any desired position. The tested bod}^ segment is at- 
tached to the scale by means of a web strap, in order to record the strength of its tested 
muscles. The scale and its housing are mounted on the base bj" means of a ball-bearing 
swivel joint, permitting the scale to swivel on its long axis. this means, the scale fol- 
lows the movement of the tested bodj”^ segment, allowing a right-angle pull on the scale at 
all times. The various appliances stabilize adjacent bod}-^ segments, permitting movement 
of onljr that segment whose activating muscles are being examined. 

The conditions under which the tests are made should be uniform. This is important 
"’hen interval examinations are repeated on the same patient in order to determine 
progress. The examined segment should be uniformly' warm. A cold extremity cannot 
function as well as a warm one. The technique for testing each group of muscles has been 
carefully devised and standardized. It is important to note that wherever possible the 
tests are performed with gravity eliminated. This is possible in all instances except where 
rotatory movements are being performed. Particular attention is paid t o proper stabiliza- 
tion in order to avoid substitution action. Before a given test is carried out. the tested 
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segment should be passivel}^ moved through its complete arc of motion. This will reveal 

existing contractures, which by their presence hinder free action of the muscles being 
tested. In the presence of fixed contractures, free joint movement cannot be obtained, 
and the readings must, therefore, be accepted with reservation. 

When examining the strength of muscle groups, one must have some knowledge of the 
mechanical events occurring during muscle action. (The amount of work performed by a 
contracting muscle is the product of the force used b)'- the distance or extent of movement. 
TT = 7^ X D. One unit of work is the amount involved in exerting one unit of force 
through one unit of space. Work is ordinaril 3 ’- measured in gram-centimeters or foot- 
pounds.) In this study we are primarily interested in measuring the force expended by 
the tested muscle group in attempting to move the segment against resistance. A force is 
characterized bj^ its magnitude, its point of application, its direction, and its sense, — that 
is, whether the force is push or pull at the point of application. In the human body, a 
muscle always exerts a pulling force at its point of application, or insertion. Forces may 
produce or tend to produce motion of translation, — that is, motion in a straight line. A 
force may be applied to a bod}’’ to produce or tend to produce motion of rotation. In the 
human body, muscle action tends to produce motion of rotation of a segment about its 
joint or axis. The turning effect of a force which tends to produce rotation is called the 
moment of force. Its measure depends upon: 

1. The magnitude of the activating force. 

2. The distance of the force from the axis of the bodj’ upon which it acts, measurec 

■ along a line at right angles to the line of action of the force. 

These two factors together determine the turning effect, and their product is called the 
moment of force. From a mathematical standpoint, the moment of force, or muscle 
strength, will be greatest when the tested movable segment is at right angles to its neigh- 
boring fixed segment. In measuring muscle strength, however, one must consider not only 
the ideal mechanical principle, but also the position in which the tested muscle possesses 
its maximum tension or muscle tone. In the human body, therefore, these two factors 
determine the moment of force. For e.xample, one would expect the moment of force of 
the elbow flexors to be greatest with the elbow at 90 degrees, and with a web strap from 
the scale attached to the forearm at the level of insertion of the biceps and brachialis 
anticus. At 90 degrees, however, the tension of the elbow flexors is less than when the 
elbow is at 180 degrees. An optimum relationship between the mechanical principle and 
muscle tone had to be determined for each joint, movement, in order to obtain the greatest 
moment of force. Testing his own right elbow flexors, the author obtained the following 
results when the angle of the elbow was in the following positions: 

Elbow at angle of 175 degrees, force equals 21 pounds. 

Elbow at angle of 155 degrees, force equals 36 pounds. 

Elbow at angle of 135 degrees, force equals 42 pounds. 

Elbow at angle of 115 degrees, force equals 44 pounds. 

Elbow at angle of 90 degrees, force equals 36 pounds. 

The technique devised for testing all muscle groups in the bod.y has been based upon the 
principles alread}^ outlined. 

A total of 367 patients have been examined with this apparatus. Of these, 237 were 
“normal”, and 130 were poliomyelitic patients. Twenty of these cases, including five 
“normals” and fifteen poliom 3 ^elitic patients, were examined with the spring scale, before 
the original table was made. Of the total number examined, 234 cases, including 173 
“normals” and sixt 3 ’-one poliom 3 mlitic patients, were examined with the spring scale and 
muscle-testing table. The remaining 113 cases have been examined with the late.st 
apparatus, consisting of a gravity-lever type of scale and swivel table. Only one por.-^on 
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is necessary to adjust the patient and the apparatus. After tlie patient is in position, the 
examiner no longer plays an active part in the test. Any source of error relating to the 
examiner is, therefore, eliminated. The same test can be performed by more than one 
examiner with the same result, providing identical technique is emplojmd. 

This method of testing muscle strength in poliomyelitic patients is not being advo- 
cated to supplant completely the manual method of testing muscles. Patients whose 



Fig. 3 ’ Fm. 4 


New table and scale employed. Triangular Table uath triangular sections removed, re- 
sections of the table top can be removed, permit- vealing the circular ball-bearing joint which 

tmg narrow trunk end of table to snivel on a permits the trunk end to snivel when lock on 

ball-bearing joint to test trunk-muscle strength. head end is released. 



Fig. 5 

Testing left lateral flexion of trunk Qateral abdominals). Note pelvis stabilized to fixed broad end of 
tnble ; trunk is fixed to narrow movable portion of table. 
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Fig. 6 

Testing elbow flexor.?; elbow at 115 degrees Note stabilizei’ which fi.\es shoulder and upper arm. 
Gravity is eliminated. Table is powdei'ed. 


muscles have been so weakened that they rate onl}'' a 1 cannot be tested by the scale 
method. It is obvious that some active movement of the tested segment is essential in 
order to be recorded upon the scale. A tested muscle group must, therefore, have a 
manual strength of at least 2 in order to be recorded. In the latter cases, however, it is 
felt that the determination of muscle strength can be more accurately obtained by the 
scale method than by the manual method. An attempt has been made to correlate the 
findings in poliomj^elitic patients with the average findings in normal individuals. The 
series of normal individuals examined were grouped according to age, height, weight, and 
sex, and the average strength of the various muscle groups was determined. The number 
of cases in each age group varied from three to seventeen, with a total of 237 normal cases 
examined. It is evident that the number in each group is too small to permit definite con- 
clusions. However, a number of observations ivere made, and these can be checked b)' 
additional examinations. The strength of corresponding muscle groups varied consider- 
ably in patients in the same age class. Generally, the older the patient, the stronger were 
the corresponding muscle groups. This is not absolute, however, since many 3 munger 
patients were found to be stronger than the older patients. The sex of the patient in the 
same age group gave no definite indication of the muscle strength. Quite often the female 
group was stronger than the male group. Similarly, the height of the patient bore no re- 
lation to muscle strength. It was not uncommon to find the shorter individual to be the 
stronger. The weight of the individual did not relate to muscle strength. It is evident, 
therefore, that the average strength of muscle groups may be quite different from the 
actual strength in normal individuals in the same classifications. An attempt was then 
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Testing supination of forearm. Note special brace which immobilizes wnst and articulates wuth ro- 
tating jomt by means of metal rod. Elbow is at right angles, foreai m begins in pronation of 90 degrees, 
oitnilar technique is employed with new table and scale. 


m. 














Testing intenial rotation of left liip. Tested leg is immobilized in special brace which maintains foot 
at 90 degrees and knee at ISO degrees. Foot piece, as well as leg trough, is extensible to fit extremities 
1 yanous sizes. In addition, adults’ and children’s sizes are employed. Knob on heel of foot piece 
aruculatcs with rotating joint, which on new l.able is attached to rail. Tested leg begins m external 
rotation of 45 degrees. 
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made to determine whether muscle strength was related to the length of the extremity ( 
to its segments; to segment area; or to segment volume. The length of the lower extrem 



Fig 9 

Testing extension of knee (quadriceps). Pelvis and tiiigh aie stabilized at 180 degrees. Measure- 
ment of power begins with knee at 90 degrees. 
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ties of all patients was measured, as well as the length of the thighs and legs. It was 
found that the strength of the thigh muscles and leg muscles was not related to the length 
of the corresponding segments of the extremitjL The length of each segment was then 
multiplied by the average circumference, but the results obtained bore no relationship to 
muscle strength. The volume of each segment of the lower extremity was then ascer- 
tained by a method similar to that used for determining the volume of a frustum. The 
following well known formulae were emplo^md: 

Volume = area X height. Area = w (3.1416) X R-. Diameter = circumference -f- tt. 
The average area was determined by taking the measurements at eaeh end of the segment 
and then dividing by two. The above calculations gave the volume of each segment. 
Disregarding bone, fascia, and fat, it was assumed that the results obtained were the- 
volumes of the muscle mass. No definite relationship was noted between the volume and 
the muscle strength in each segment. 

The strongest 'muscle group in the lower extremities was generallj" found to be the 
knee extensors. They were found to be definitety stronger than the antagonistic flexors 
in most cases. The plantar flexors of the foot were also found to be generalty stronger 
than the dorsiflexors of the foot. The difference, however, was not great. The other 
antagonistic muscle groups of the lower extremities were found to balance each other 
more or less. The hip extensors were often found to be a shade stronger than the hip 
flexors; the hip abductors slightlj’’ stronger than the hip adductors; and the external rota- 
tors slightl}’’ stronger than the internal rotators. 

The progress of infantile paralysis patients can be accurately charted bj" repeated 
examinations at stated intervals. For instance: Examination of a recent poliomyelitic 
patient disclosed the strength of the knee extensors to be seventeen pounds in one leg, 
and fifteen pounds in the other. (The average strength of this muscle group in normal 
children of the same age is about seventy-eight pounds.) After four months of treat- 
ment, a check-up examination revealed a gain in the involved muscle groups from seven- 
teen to forty pounds in one leg, and from fifteen to thirty pounds in the other leg. A girl, 
eleven years old, with infantile paralysis involving the hamstring group was able to fle.x 
the knee nfith a strength of only ten pounds. (Thirteen normal eleven-year-old girls, 
were able to bend their legs at the knee with an average pull of thirty-eight pounds.) 
The therapeutic value of electrical therapy, massage, and exercises was observed when, 
after less than four months of treatment, the stricken child had increased her knee-flexion 
power from ten to twenty-seven pounds. By detecting small differences of muscle 
strength at interval re-examinations, we will be able to control the form of therapy being 
given to the patient. The importance of determining the loss of even small amounts of 
strength in paral 3 ’^zed muscles cannot be overemphasized. Excessive electrical stimula- 
tion, excessive massage, overexercise of paralyzed muscles, and improper splinting and 
bracing tend to weaken rather than strengthen these muscles. 

Since minor changes in muscle strength are not readilj’- detectable bj" the manual 
method of testing muscles, a muscle maj"^ gradualty lose considerable power before the 
loss is recognized and the causative factor eliminated. When interval examinations with 
the scale method show a muscle to be weaker, the cause can be immediatelj^ investigated 
and corrected. By the scale method it will be possible to evaluate the comparative benefit 
derived from the various accepted forms of therapx’^ presentlj* in use. Small degrees of 
muscle imbalance, which if allowed to exist would produce deformities and contractures, 
•nay also be detected and corrected. In late cases of poliomjmlitis, the value of accurate 
muscle testing maj^ be important in determining indications for tendon transplantation. 

The use of the scale method of testing muscle strength is not limited to infantile 
paralj'sis patients. The method can be emplo 3 'ed in an 3 ' condition of muscle weakness, 
if the full cooperation of the patient can be obtained, and he is udlling to pull. It can be 
Gmplo 3 'ed in cases of pseudoh 3 'pertrophic muscular d 3 'stroph 3 ', peripheral neuritis due to 
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injury or disease, congenital myatomia, and cases of quadriceps weakness following such 
operations as knee-joint artlirotomies. Although a fairly large number of patients have 
been examined, it is felt that further clinical work along this line should be carried on. li 
would be advantageous to have the work performed more generally, so that as many cases 
as possible in the convalescent stage of poliomyelitis could be examined. By this means, 
a universal method of examining patients might be established. The apparatus de- 
scribed is not only useful for exaniining muscle strength, but can also be employed for 
isolated muscle-group exercises. Thei-efore, it is of value in treating as well as in testing 
poliomj'^elitic patients. 

The author wishes to e.xpress his appreciation to Miss Tova Scliwartz and Miss Emmele Nansen for 
their aid in the teclinical e.xaminations of the patients. 
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REGENERATION OF THE PATELLA 
A Case Report 

BY W. P. CORRIERO, M.D., AND CHARLES AQUAVELLA, M.D., BROOKLYN, NEW YORK 

Froin Kings Counlxj Hospital, Brooklyn 

D.M., a colored female, sixty-three years old, was admitted on February 9, 1942, stating that on that day 
she had fallen on her right knee. Roentgenogram (Fig. 1) showed longitudinal and transverse fracture of 
the patella. Aspiration of the knee jdelded 500 cubic centimeters of sanguineous fluid. The leg was put m 
Buck’s extension, and swelling did not reappear. On February 26, after the abrasions on the skin had 
completely healed, the bone fragments of the patella were removed through a curved transverse incision. 
The joint was closed with FTo. 0 chromic sutures, and the tendons of the rectus femoris and the ligamentum 
patellae were sutured ndtli No. 2 chromic mattress sutures. A posterior plaster mold was applied. Roent- 
genogram taken March 4, 1942 (Fig. 2) showed that the removal of the patella had been complete. The 
wound healed well. The patient was discharged on March 21, able to walk and to partially flex the knee. 
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Fig. 3 Fig. 4 


Pathological report stated that all bone fragments of the excised patella could be fitted together, 
measuring 5 bj' 5 by 2.5 cubic centimeters, and evidence of neoplasm was not found. 

On April 18, 1943, roentgenogram (Fig. 3) showed considerable calcareous deposit, presumablj' bone, 
at the site of the excised patella. On November 15, 1943, a firm bony patella could be palpated. The joint 
was stable in medial and lateral directions, and motion was from 80 degrees in flexion to 165 degrees in 
extension. The patient could walk about the room with only a slight limp, and could climb stairs with 
proper alternating stepping on the treads. She complained of pain in the knee, due probably to inability to 
fully extend the knee. 

Roentgenogram (Fig. 4; revealed extensive regeneration of the patella and bonj' deposits in the patellar 
ligament. 
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TEEATMENT OF FRACTUEES OF THE OLECRANON BY FIXATION WITH 

STAINLESS-STEEL SCREWS 

BY PAUL H. HARMON, PH.D., M.D., SAYRE, PENNSYLVANIA 
From the Section on Orthopaedic and Traumatic Surgery, the Guthrie Clinic and Robert Packer Hospital, Sayre 

It is impossible to reduce satisfactorily all fractures of the upper ulna without open 
reduction. Indeed, the only type of fracture which can be reduced under local anaesthesia 
and by external manipulation with towel clips, pins, and other devices is a simple trans- 
verse fracture of the olecranon where comminution is not present. Where there is com- 
minution, especially in the articular portion of the bone, open operation is indicated, — 
fii’st, to remove small articular fragments which might later interfere with joint function, 
and, second, to align properly the comminuted fragments. 

Twelve cases of transverse fracture of the olecranon have been reduced without in- 
cision. Longitudinal fixation has been effected with long, slender, stainless-steel screws 



Fig. 2-A Fig. 2-B 

Lateral and anteroposterior roentgenograms of the same fracture eight weeks after fixation. 
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of a special design, introduced 
througli puncture wounds pos- 
terior to the elbow. This 
type of screw has been previ- 
ously described '■ and Figures 
2 -A and 2 -B illustrate its use. 

The protruding head and 
proximal portion of the shaft 
of the screw facilitate subse- 
quent removal (Fig. 3 ) , which 
has always been done without 
discomfort to the patient and 
without anaesthesia. Reduc- 
tion and initial fixation can be 
accomplished under local or 
general anaesthesia. 

j\IacAusland has de- 
scribed a similar method, dif- 
fering only in that the screw is 
shorter and is entirel3'’ buried beneath the skin at open operation. Rush and Rush have 
also utilized the principle of longitudinal-pin internal splintage in extensivelj’^ comminuted 
fractures of the upper half of the ulna. Their pin is a modification of the Steinmann t5’^pe, 
constructed of stainless steel, with the proximal end flattened on three sides to fit the clamp 
of a hand drill. 

Patients do not suffer postoperative pain following fixation, so that extensive active 
motion is possible within a few da3'^s. Our patients have usuall3’^ obtained 50 per cent, of 
normal range of elbow motion in four weeks. At the end of eight weeks, all but one of the 
screws are removed. The last screw is left in place for an additional four weeks. 

In eleven cases *of transverse fracture of the olecranon, active motion averaged 105 
degrees at four weeks, 135 degrees at eight weeks, and all except two patients had full 
motion at twelve weeks. This rate of recover3' of active motion is about twice that follow- 
ing open operation with internal wiring or other suture of the fragments. Eight patients 
returned to work eight weeks or less after injur3’’. In one instance, that of a person with 
secretarial duties, active work was resumed the da3’^ after fixation. The other two patients 
were compensation cases and did not desire to resume work until the arm was “normal”. 
As far as could be judged from the roentgenograms, osseous union was present in ever3’’ 
case within eight weeks. The only other method which approximates this quick recover3' 
is that of excision of the proximal fragment, described b3'^ Wainwright. 

The twelfth patient was admitted, following non-union b3" cast treatment. After the 
fracture surfaces had been freshened at open exposure, fixation b3" the same technique was 
employed. Complete range of motion, dela3’^ed about six weeks, was finally achieved. 

We have also utilized these screws for fixation of complete acromioclavicular separa- 
tion, for fixation of the sternoclavicular articulation in dela3’^ed open replacement at this 
joint, and in certain depressed fractures of the tibial cond3des. 
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Fig. 3 

Maximum of flexion obtainable in the same case ten days following 
fLxation. 
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MULTIPLE RIB FRACTURES TREATED WITH A DRINKER RESPIRATOE 

A Case Report 

BY LIEUTENANT KBISTOFER HAGEN 
Medical Corps, Army of Ihc United States 

In a recent critical review of war injuries of the chest, Edwards attaches a most un- 
favorable prognosis to that type of non-penetrating chest injury known as the “stove-in 
chest’’. After reviewing 1132 cases of chest injuries, Elkin and Cooper agree that the 
prognosis in this particular injury is poor. In the ‘stove-in chest” most of the ribs are 
fractured bilaterally and the chest wall is rendered unstable. The causes of such an injury 
in war are various, whereas in civilian life, the most frequent cause is an automobile 
accident.^ 

'PHYSIOLOGICAL ASPECTS 

The physiological disturbances caused bj'^ this injury are many and profound. Shock 
is usually present, sometimes due to intrathoracic hemorrhage from a ruptured intercostal 
vessel, more often due to severe pain or disturbed chest physiolog 3 L Respiration is greatly 
impaired and a condition resembling a large open pneumothorax is produced. Paradoxi- 
cal respiration develops, as a whole segment of the chest wall is depressed during inspira- 
tion and forced outward during expiration. The djmamics of circulation are also affected. 
Normally the intrathoracic pressure is negative, fluctuating from —2.5 to —6 millimeters 
of mercuiy pressure during the respiratory cj’-cle. The venous inflow to the heart via the 
thin-walled great veins of the chest and the auricles is assisted b}'- the pumping action of 
these fluctuations in intrathoracic pressure. When the chest suffers a “stove-in” injury, 
much of the fluctuating negative intrathoracic pressure is lost. Cardiac circulation may 
be rapidly embarrassed. Another complication, observed bj'- Kej'’ and Conwell, is par- 
alytic ileus, associated with reflex spasm of the abdominal muscles. 

TREATMENT 

The principal considerations in the ti’eatment of all chest injuries are: (1) the treat- 
ment of shock and hemorrhage, (2) the earlj'’ restoration of normal cardiorespiratory func- 
tion, and (3) the treatment of complications or sequelae. To accomplish the first and 
third of these purposes in the case of the “stove-in chest” involves routine surgical tech- 
nique. One exception, perhaps, is that in treating shock a comfortable propped-up 
position or sitting posture is preferred to the usual Trendelenburg position. The difficult}^ 
in accomplishing the second purpose, however, ma}'' not be so easily solved, as may be 
reflected in the varietj'- of procedures recommended. 

Many authors i. e, is suggest immediate immobilization of the chest wall with 
adhesive strapping or swathing, applied from below upward, with the chest in full e.v- 
piration, supplemented with o.\ 3 '’gen b}’’ the most convenient method and other supportive 
measures. Roberts and Tubbs emphasize the danger of aggravating the patient’s condi- 
tion b}" earl}^ strapping of severe chest injuries of this type during the initial period of 
shock. The}’- advocate rolling the patient onto the affected side until shock is controlled; 
thej’^ find dela 3 ’'ed adhesive strapping surprisingty effective, even when as man 3 '' as eleven 
ribs are fractured on one side. According to Blades, one adhesive strip encircling the 
chest at the level of the costal margins anteriorly is just as effective as multiple strips- 
On the other hand, Ke 3 " and Conwell, and Speed advise limiting the strapping technique 
to cases in which ribs below the fourth rib are fractured; the 3 ’- consider strapping unwise ni 
more extensive multiple rib fractures. Others ® favor infiltration of the affected 
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intei costal neives \\itli procaine. Bohiei infiltrates the intei costal nerves and consideis 
stiapping of any “seveiely ciushed” chest unwise, adhering rather to bed lest, sedation, 
oxj'gen, and other conservative measuies. 

Suigical intei vention in seveie cases to elevate depiessed lib fiagments and to im- 
mobilize the fiactiiics with sutures or wiie is pi ef erred by some A method of appl}”-- 
ing hook traction to the sternum at the level of the third intei space has been suggested i", 
as has traction by steiile towel clips or wires applied directly to the involved ribs 

Giay suggests that, if tight diessings, light sandbags, or similar measures do not 
immobilize the chest sufficiently to permit normal breathing, a lespiratoi may be used 
“so that the respiiatory act maj' be controlled”. Watson- Jones also finds the respiratoi 
useful in severe cases 

The following. case of seveie ciushing injuiy to the chest is lepoited, because of the 
diamatic impiovement produced in the patient’s condition by the use of a Drmkei lespiia- 
toi, and because of the intei esting phj'siological piinciples involved 

CXSE REPORT 

W. S , a Cherokee Indian, fortj'-si\ years of age, was admitted to the William J. Seymoui Hospital, 
Eloise, Michigan, on Julj’ 18, 1943, at 8 45 m the evening, one hour after having been involved m an automo- 
bile accident His car had overturned and a 285-pound passenger had fallen directly onto his chest He 
was given a quarter of a gram of morphine sulfate at the scene of the accident by a physician Upon ad- 
mission to the Hospital, he complained of difficulty in breathing and pain m the chest, but felt well enough 
to lequest his discharge While still in the admitting room, however, his symptoms became rapidly worse 
and he consented to hospitalization 

Physical examination revealed a short, stocky, moderately obese male Indian of middle age in respira- 
tory distress and with moderate cyanosis Rectal temperature w as 100 6 degrees, the pulse 120, the respiia- 
tory rate 48, and the blood pressure 120/82 There was a small but deep puncture wound of the right arm 
and a long superficial abrasion of the skin along the right posterior thoracic wall The wall of the chest 
moved paradoxically with lespirations, especially on the left side The entire thoracic cage was somewhat 
immobilized by spasm of the intercostal muscles, and respiratory effort was chiefly abdominal Bon3' 
crepitus and marked tenderness w ere elicited on both sides of the chest, most marked on the left The pa- 
tient could not tolerate percussion of the chest Auscultation was unsatisfactory, but revealed some coaise 
rhonchi on the left and sounds suggesting the presence of fluid on the right The heart sounds w ere noimal 
The abdomen w as slightly distended, but otherw ise normal. 

The patient w as given 1500 units of tetanus antitoxin The puncture w ound of the arm w as treated and 
he was put to bed Two hours aftei admission, he had become extremely dyspneic, cyanotic, restless, and 
uncooperative, and had had periods of semiconsciousness Physical examination and fluoroscopj’ revealed 
the probable presence of fluid in the left pleural cavity, but a thoracentesis yielded no fluid He w as placed 
in an oxygen tent, which was adjusted to provide eight to ten liters of oxygen per minute, and was given 
one gram of codeine sulfate hypodermically At three m the morning he w as rational and cooperative, but 
continued to be dj'spneic and moderately cyanotic. 

Roentgenograms of the chest taken later in the morning (Fig 1) showed fractures of the second to the 
eleventh ribs in the right postcrioi axillary line, the fourth nb being fractured m two places There were 
also fractures of the second to the twelfth ribs on the left, with over-riding of the second, fourth, and fifth 
rib fragments Gaseous distention of the stomach was noted. 

Wangensteen suction was instituted to relieve the upward pressure of the dilated stomach, but despite 
this measure and the continued increased administration of oxj'gen, the patient became steadily more dj sp- 
ueic and cj'anotic He complained of severe interscapular pain. His temperature remained elevated (Fig 
2), the blood pressure 'lose rapidb' to 228/130, the pulse to 132, and the respirator3' rate to 64 per minute 
The advisabilit3' of some immediate operative procedure was considered, but abandoned m fax or of placing 
the patient in an available Drinker respirator This was accordingl3' done at 8 30 on the evening of Jul\ 
19, about tw ent3'-four hours after the injur3 The treatment wath 0x3 gen and the Wangensteen suction w a"- 
continued The lespirator was adjusted to provide a negattvc pres.sure of 20 millimeters of mcrcun, in- 
termittently at a rate of 36 C3'cles per minute The valves were carefully adjusted to amid /losi/nc pressure 
inasmuch as it was felt that the patient needed onl3' expansion of the chest 63 artificial means Within an 
hour after being jilaced in the respirator the patient s color and general condition showed marked improxe- 
nicnt B3’ the next da3’ his blood pressure had decreased to 182 102 and his pul«o to 100 per minute His 
temperature rose to 102 degrees oralh- He was able to do without the ox3gcn tent and to ha\e the rate of 
the respir.itoi reduced to 28 per minute (Fig 2) Two davs later he was afebnie. had a blood prex-ure of 
136/80, pulse r.atc of 80 to 100 per minute, and felt eomfortable with the re-pirator set at 21 jier niimit* 
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On July 26, after one weet 
in the respirator, he was removed 
for several hours, but as it was 
noted that his respirations, pulse, 
and blood pressure began to rise 
promptly (Fig. 2), he was re- 
turned to the respirator and kept 
there constantly for a total of 
ten days, when a schedule of 
gradually increasing periods of 
time outside of the respiiator 
was instituted. By August 7, 
three weeks after the injury, he 
could breathe without the aid of 
the respirator. Chest-e.\-pansion 
exercises were instituted and he 
was discharged in fair condi- 
tion on August 27. At the time 
of discharge roentgenograms 
showed early callus formation at 
the sites of the fractures, thicken- 
ing of the left pleura, and some 
interlobar pleurisy on the right. 

He was last seen in the Out- 
Patient Department on March 
31, 19-14, and he stated that he 
felt very well and had been able 
to carry on full-time work as 
a metal polisher since October 
1943. He u'eighed 180 pounds, 
had a temperature of 98.6 de- 
grees, a pulse rate of 76, re- 
spiratory rate of 20, and blood 
pressure of 186/100. Chest e.x- 
pansion was two inches at the 
level of the fifth rib. Vital capacity was 2850 cubic centimeters in the standing position and 2600 cubic 
centimeters in the sitting position, which was calculated to be about 70 per cent, of normal for his height and 
weight. Roentgenograms showed good bony union of all fractured ribs, though there was persistent over- 
riding of the fractures of the second, third, fourth, and fifth ribs on the left. The lung areas were clear. 

COMMENT 

This case presents several very interesting features. Unlike most persons similarly 
injured, the patient never seemed to be in shock. On the contrary, he did develop a 
hypertension during the first few hours after injuiy. A possible explanation for the 
hypertension is the profound retardation of circulation produced b}'' the loss of normal, 
fluctuating, negative intrathoracic pressure. 

The slowed circulation must have involved also the renal circulation and produced a 
renal ischaemia uith a consequent hypertension, comparable to the Goldblatt mechanism. 
The li 5 '^pertension was quickl}^ relieved when the cardiorespiratory function was I’estorecl 
to normal by the respirator. 

An interesting and perplexing finding was observed months later, however, when the 
patient, apparently fully recovered from the injury, was found to have a moderate hyper- 
tension. Of course, this maj^ be unrelated to the injury, inasmuch as the patient wa.s of 
the habitus and age group in which hypertension most often develops. The finding 
should not be overlooked. Could it be due to delayed kidney damage? 

The patient improved so dramatically after being placed in the Drinker respirator 

that the following conclusions were reached : 

1. Wherever a Drinker respirator is available, it is a much simpler treatment to appj 
than other procedures used to accomplish stabilization of the thoracic wall. 
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2. It avoids the obvious risks of surgery in patients who are alread}’’ criticall 3 ’’ ill, and 
the danger of infection associated mth traction hooks in sternum or ribs. 

3. It exerts a gentle, non-mechanical expanding effect on a thoracic cage which is 
alreadj' compressed and is thus ob^douslj' superior to an}' binding or taping measures, 
which tend to compress the chest further. 

Obtdousl}' one cannot generalize and say that the respirator is the only treatment for 
the “stove-in chest” injury. Every patient with a seriously injured chest requires 
^ndi^ddual consideration, but it would appear that the use of the Drinker respirator, 
wherever available, deserves more consideration than it has heretofore received in the 
treatment of this type of injury. 
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A RETROSPECTIVE COMMENTARY ON THE CAMPAIGN FOR THE 
ESTABLISHMENT OF THE POSITIVE STANDARD OF TREAT- 
MENT FOR FRACTURE OF THE NECK OF THE FEMUR 

BY ROYAL WHITMAN, M.D., NEW YORK, N. Y. 

Positive treatment of fractures at the hip Avas made practicable by the substitution 
of natural for artificial mechanics. For since the neck of the femur projects laterally from 
the shaft, splinting and traction can at best appose displaced fz-agments only in a lateral 
and, therefore, insecure relation. 

The inadequacy’' of the means at command to provide the stability essential to repair 
was clearly demonstrated by Sir Astley Cooper early'' in the last century. He contended 
that since it Avas impossible, eA^en for a feAV hours, to preserve exact apposition of the 
fragments, the surgeon should not be held responsible for a result OA''er AAdiich he could 
haA''e so little control. 

His pronouncement established the negative standard, AA'hich determined the character 
of conA’'entional practice for a hundred years. Surgeons long maintained that restoration 
of form and function Aims rarely^ to be attempted or eA''en sought, and that the first indica- 
tion AA'as to save life; the second to secure union; the third to correct or diminish dis- 
placements. 

The first of these results could be attained by propping the patient up in bed AA'ith 
the limb betAveen sandbags. After a month the patient Avould be encouraged to use the 
limb as much as possible, since union AA'as not aimed at. Union seemed to be dependent 
on adhesion or impaction of the fragments, and actual treatment AA'as usually limited to 
making only'' as much reduction of the deformity as could be expected from moderate 
traction and immobilization by" cushions or by" a fixed dressing.'* It AA"as taken for granted 
by all that a broken hip entailed permanent disability", and in many cases death.*- 
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No matter M'hetlier the fracture took place within or external to the capsule, or 
whether it united by ligament or bone, shortening of the limb and lameness M'ere 
considered to be inevitable results. One writer even held that, “If he [the patient] 
escapes with his life, he has to be contented with loss of function, loss of sj'-mmetiy and 
equipoise, and is often obliged to go about crippled”.^ 

The character of the disabilitj’’ is illustrated b 3 ’^ a repoi-t on the final i-esults in eighteen 
cases that had received hospital care bj'^ extension in bed without direct fixation. Five 
of the patients had never attempted to walk; eight used two crutches in locomotion; one 
used a crutch and a cane; one used two canes; two used a cane; and one wore a high shoe, 
but walked without support.-* 

This introduction has been drawn from representative sources in order to present 
fairlj’- the background on which the anatomical method, as the exponent of surgical 
principles and, therefore, of radical reform, was projected. It will also serve as a point of 
departure from which to estimate progress toward the establishment of the 'positive 
standard. 

The inception of the anatomical method was coincident with the identification of 
fracture of the hip in childhood, an injuiy unknown to authority and, therefore, bejmnd its 
jurisdiction. The typical histoiy of such a case was that of a child who had fallen from a 
fire escape. The fracture was not recognized, but, as it was incomplete, repair had 
followed. Months later the child was brought to the hospital for a persistent and in- 
creasing limp, supposed to indicate hip disease. At this time (1890) the x-raj^ was not 
available for diagnosis, but the elevation of the trochanter, the outward rotation of the 
limb, and the evident limitation of abduction b}'' bony contact, indicated a downward and 
backward displacement of the femoral neck, afterward called coxa, vara. 

This analj’-sis of the disability was enlightening, since it demonstrated that the chief 
factor in the limp, the inevitable sequence of the fracture in adult life, was not shortening 
of the limb, to which it had been attributed, but I’estriction of abduction. It was evident, 
therefore, that restoration of the normal relations of the hip joint was the only remedJ^ 

This Avas accomplished indirectly bj"" an osteotomy at the base of the trochanter, so 
that by abducting the limb and rotating it inAA'ard, the shaft Avas brought into proper 
relation to the neck; for under normal conditions, the position of the head Avould require a 
corresponding abduction and inAvard rotation of the shaft. 

A plaster spica aa'rs then applied and retained until union AA’as complete. Therefore, 
AA’hen the limb AA-as brought to the mid-line, in apposition to its felloAV, the angle of the 
neck Avas automatically restored, and functional cure AA^as established. 

The success of this first essay in reconstructive mechanics clearty indicated that, if one 
had the opportunity to treat the fracture in the plastic stage, the deformity might be 
corrected directly by the same manoeuAu-e, — ^namety, b3’- forcible adjustment of the shaft 
to the articulating fragment fixed in the acetabulum. 

On further inAmstigation of the mechanism of the joint, it appeared that the anatomical 
method Avould be equally effecthm for the complete or typical fracture, long considered the 
ke3'stone of the negatiAm standard. If the fragments Avere brought into the same plane b 3 ' 
traction on the limb and inAvard rotation, full abduction b3'^ tension on the capsule Avould 
adjust them; and the security of end-to-end apposition Avould be supplemented Iaa' the 
impingement of the base of the neck on the rim of the acetabulum. Furthermore, in this 
attitude, there AA'ould be complete suppression of muscle action, an agent of deformitA’ 
that Sir Astley Cooper had found impossible to control. 

This experience clearl 3 ^ indicated that the primaiy essential of functional repair in all 
t.vpes of fracture at the hip Avas the restoration and maintenance of the femoral angle. To 
emphasize this conclusion, the method b3' Avhich it Avas accomplished Avas called the 
abduction treatment”. 

Since it Avas cAudent that, from the mechanical standpoint, a method effecfiA-c in 
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childhood would be equallj'- so in adult age, a new field of therapeutic endeavor was 
opened. At the outset it was encouraging to note that the established inhibitions to 
positive treatment were in the nature of a defense reaction to therapeutic inadequacy 
The typical patient of the textbooks was aged and feeble, but the vigorous subject farec 
no better as far as technical treatment was concerned. It was assumed that the complett 
medial fracture was practically incapable of repair, but its recuperative capacity'- hac 
never been tested by opportunity. It was assumed that the restraint required foi 
positive treatment of the fracture would endanger life. It appeared, hmvever, that ir 
fatal cases, the patient usually survived for several weeks, to die from "exhaustion”, oi 
which the chief contributing factors were hy'-postatic congestion of the lungs and infected 
bed sores. The mobility'- of the plaster spica, and the security^ of the anatomical splinting 
suggested effective remedies against these complications. The patient ivas placed on an 
inclined plane by raising the head of the bed one foot or more, and was turned at intervals 
• from side to side and completely over to the ventral position. Furthermore, the security 
of the support permitted transportation to the open air or elsewhere, with the inspiriting 
prospect of eventual recovery', thus providing a moral as well as a phy'-sical prophylactic 
for the conventional exhaustion. 

Since the object of positive treatment was to restoi'e function, the initial opportunity 
for its attainment was supplemented by' equally' adequate after-care. It was recognized 
that repair of the medial fracture, since it was an interstitial process unaided by external 
callus, must be slow and precarious, dependent upon rest, uninterrupted and prolonged. 
Furthermore, because of its exposed position, the resumption of activity' should be 
strictly' regulated to the stability' of repair. During the recuperative period, the first 
concern should be the maintenance of the range of abduction by' routine manual "stretch- 
ing” outward to the primary' position until voluntary' control had been established. 
Finally, the patient should be trained in the equal gait, since the test of success was no 
longer "to save life” nor "to get union” but a symmetrical gait. 

Thus it will appear that the abduction treatment was developed by' successive steps, 
in logical sequence, upon a secure foundation, and followed to its legitimate conclusion. 

Established teaching offered no incentive to efficiency' and, therefore, no penalty for 
incompetence and neglect. Naturally, the abduction treatment, the exponent of the 
positive standard and consequently of radical reform, made slow progress against the 
weight of authority', inertia, and technical unpreparedness to meet its requirements. 
However, in the lapse of y'ears it has come into general use, and experience has amply 
demonstrated its comprehensive practicability. 

Of 441 cases of medial fracture treated by' this method, 126 of the patients were over 
seventy', and fifty'-seven were over eighty' y'ears of age, yet the death rate was only i per 
cent. 

As to the capacity' of the medial fracture for repair, a competent observer conclude; 
that union should be attained in 65 per cent, of the older class, and in 90 per cent, of those 
less than sixty y'ears of age.' 

Yet in a group of seventeen patients over seventy', union occurred in 78 per cent. 

Formerly', as has been noted, a sharp distinction was made between the intracapsulai 
fracture, in which the patient was the first consideration, and the extracapsular ty'pe foi 
which protective treatment might be of service in promoting repair. 

The relative frequency' of the two forms is indicated by' a report of 264 cases treated by 
the abduction method; 172 wei'e intracapsular with union in 67.5 per cent.; ninety'-two v’Cie 
extracapsular with union and good function in all, — approximately' 80 per cent, of the 
group. The mortality' rate was 6 per cent.® 

Now that all ty'pes of the injury' are treated by' the same method and with the .same 
purpose, namely' the restoration of normal locomotion, the fracture may' be considered a.-- 
an entity'. A direct comparison with the nailing method may' serve to clarify "I'*'* 

THi: JOURXAL OF BOXK AXD JOINT .SIMlOI-H' 



FR VCTURE OF THE NECK OF THE FEMUR 


337 


appears to be a general misapprehension of the relation of one method to the other as 
representative of the positive standard. 

Nailing the fracture was introduced during the last century as the onlj'- means of 
fixing the fragments.^® The method has undergone several modifications in technique 
in recent years.** Its most attractive feature is the relative freedom from restraint 
that the security of the internal splint permits. 

From reports on the nailing method, one might infer that secure fixation of the 
fragments assures a fairlj’’ free and painless range of controlled motion. Actualljq since 
the joint is mvolved in the process of repair, it is sensitive to unguarded movement. 
Sympathetic muscular protection restricts the voluntary range, and there is a persistent 
tendency toward the protective attitude of flexion and adduction, a tendencj*^ that would 
be favored by locomotion and confirmed by the sitting position in the wheel chair. Thus 
the abduction treatment has become the i-epresentative of conservatism b}*^ maintaining 
rest during the initial stage of repair as the essential factor in the restoration of function. 

The nailing method can qualif}*^ as an alternative to the abduetion treatment only in a 
restricted sense. It is not adapted to fractures at the base, since the cancellous structure 
of this region cannot assure securitj*^ for the nail, and because the trochanter may be 
involved in the injury. In this type of fracture, the capacity for repair is adequate, and 
there is even a tendencj’’ to callus formation to the extent of embarrassing function. Thus 
motion is contra-indicated, even if the stability of the internal splint were assured. 

For these fractures, the indications for treatment should be evident, — namely, to 
restore the femoral angle and to maintain the attitude of abduction. For this purpose 
the mechanical advantages of the abduction method should be obvious. 

Considered as an alternative to the abduction treatment, there are intrinsic and 
incidental drawbacks to the nailing method that must be reckoned with. A certain 
shortening of the femoral neck during repair is not unusual, and a number of cases have 
been reported in which spontaneous extrusion of the nail has permitted union which 
otherwise would have been prevented. 

Partial necrosis of the head of the femur may occur after union, to which functional 
activity may have been a predisposing factor. The same inference applies to second- 
ary arthritis. Depression of the femoral neck to the degree of embarrassing function is 
another mishap which must be attributed to premature weight-bearing. 

The most illuminating paper bearing upon the question at issue, that has come to my 
notice, is an analysis of the final results in seventy-five cases of intracapsular fracture 
treated by the Hey Groves method of pinning in the Bristol Fracture Service.® The 
fragments were adjusted by manipulation under x-ray supervision, while the limb was 
supported in an attitude of 15 degrees of abduction and slight inward rotation by a 
seated nurse who exerted slight traction on the flexed leg by leaning backward. Five to 
seven roentgenograms were taken to assure the adjustment of the fragments and the 
proper direction and depth of insertion of the nail. Movement of the limb within a few 
days was encouraged. Direct weight-bearing was not officially sanctioned for three 
months, but locomotion on crutches was resumed at a much earlier date. 

Fifty-two of the seventy-five patients were personally examined. Seventeen were 
dead and six were not available for tabulation. The results were classed as satisfactory in 
50.7 per cent. Failure was attributed to defective technique in seven cases and to 
suppuration in tliree. In two cases the neck was shortened, but spontaneous extrusion of 
the nail had permitted repair. In four instances there was necrosis of the head of the 
femur after union of the fragments. 

to function, it was stated that from 80 per cent, to 100 per cent, of motion was 
retained, but as there was a certain degree of varus or valgus deformity in three cases, 
complete restriction of abduction in one, and of inward rotation in another, it is evident that 
success did not imply a symmetrical gait. 
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Accepting this report as fairly representing the nailing method as a routine and 
independent procedure in competent hands, it may be suggested that the failures attributed 
to defective technique might have been lessened, if the anatomical method had been 
utilized to adjust the fragments, which in full abduction and extension lie in a hori- 
zontal plane, fixed end-to-end by capsular tension against the resistant pelvis. Thus 
they should not be displaced or jarred apart by the impact of the nail. Relatively speak- 
ing, the whole procedure may be completed in a few minutes, as contrasted with the 
prolonged manipulation required for tentative adjustment. On this point I can speak 
from personal experience. Many j'-ears ago I made a brief trial in spiking, only for the 
purpose of assuring greater security, but I soon discarded the practice as unnecessary.*’ 

It may be assumed that the functional results might have been better if the resump- 1 
tion of activity had been adapted to the resistance of stable repair, rather than to whal 
Brailsford refers to as the false sense of security which the nail gives. 

This analysis seems to support the conclusion that the nailing method should be 
classed as a complement to the abduction treatment, in the sense that anatomical mechan- 
ics should be utilized to adjust the fragments. It is of value in a special t3^pe of fracture, 
as an internal splint in relieving the patient from the restraint of a comprehensive support. 
But it must be remembered that its use as a prop for weight-bearing and as a pivot for 
enforced movement during the critical period of repair is a concession to the patient at the 
expense of the functional result. 

The final step in the expanding scope of anatomical mechanics was in the treatment of 
ununited fracture at the hip, a common, crippling, and often a painful and progressive 
disability. The loss of resistance to weight-bearing induced friction and disintegration of 
the fragments, upward displacement of the shaft, and the deformity incidental to per- 
sistent flexion and adduction of the limb. 

The problem in treatment, therefore, was to restore stability in weight-bearing and to 
assure the maintenance of abduction, essential to serviceable locomotion. This was 
accomplished by the reconstruction operation.** The trochanter with its attached 
muscles was separated from the shaft in the line of the neck, thus providing a sufficient 
area of bearing surface. The head of the femur was removed, and the improvised neck 
securely implanted in .the acetabulum bj'- abducting the limb to the required degree. The 
trochanter was then drawn down as far as its attachments would permit, and implanted on 
the outer border of the femur. A plaster spica was applied, holding the limb in approxi- 
mately tiventj'- degrees of abduction and full extension. Eventually this was replaced by a 
short spica, and locomotion was resumed. When the security of the transplanted 
trochanter Avas assured, the support was removed and a routine of manual stretching of the 
limb outAvard to its original position AAms instituted, and continued until voluntary contrc 
had been established. 

The distinctwe advantage of the reconstruction operation in the class of cases fo 
Avhich it AAms designed AAms that, since it AAms based on sound mechanics, a satisfactori 
result might be assured in a definite time, as contrasted AAdth procedures in Avhich it Avai 
dependent upon the uncertainties of repair. 

The principles of the reconstruction operation haAm been applied Avith success m < 
number of different conditions resulting from injury or disease, and it should be a 
preliminaiy to all forms of arthoplastic procedures in Avhich shortening of the femora 
neck and contact of the trochanter Avith the acetabular rim limits the range of motion 
essential to satisfactoiy locomotion. 

The reconstruction operation in completing the therapeutic control of this refractor} 
fracture brought the campaign for the establishment of the positiAm standard to a succes-’ 
ful conclusion. As no claim has ever been made for a share in the inception and develop 
ment of the method b}’- AA'hich it Avas accomplished, it Avould seem to qualify as a person- 
contribution to surgical progress. 
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ERNEST WILLIAM HEY GROVES, M.D., M.S., F.R.C.S. 

1872-1944 


In the passing of Hey Groves, The British Orthopaedic Association has lost one of its most distinguished 
members and a former President. His name is known the world over as that of a pioneer who has clearly 
left his mark, not only upon orthopaedic surgery, but directly and indirectly upon the art and science of 
surgery in general. 

Hey Groves was the son of an English civil engineer, Edward Kennaway Groves, and was born in India 
in 1872. At the age of three, when his father retired, the family settled in Bristol. 

His medical education was received at St. Bartholomew’s Hospital, London, where, having taken the 
degree of Bachelor of )Science, while still a student, he started his teaching career as a demonstrator [“in- 
structor” in the United States] of biology. This e.\-pei-ience stood him in good stead, for he later became an 
outstanding teacher of surgery. Following his graduation in 1895, his first interests were in obstetrics and, 
after experience in different parts of England and a period of study at Tiibingeh, he settled in general practice 
in one of the outer Bristol suburbs. But he did not stay long in general practice. His search for surgical 
knowledge and experience was insatiable. 

In 1896 he married Miss Frederica Anderson, who had been a nui-se at St. Bartholomew’s, and together 
they made their home into a private hospital. Here, m'th the help and encouragement of his wife, Hey 
Groves established his reputation as a surgeon. To his students he used to say that this episode in his life 
had its darker side, for tales were spread abroad that “Butcher Grovms lured women into his home, operated 
upon them, and would not remove their stitches until they had paid their money”. In spite of such petty 
nuisances, he was indefatigable, for, in the midst of his busy practice, he was able to attain high academic 
honors. 

In 1905, having taken the Fellowship of the Royal College of Surgeons of England and the degree of 
Master of Surgery of London University, he was elected to the staff of the Bristol General Hospital. Wliile 
thus engaged in surgery, he was still able to work as senior demonstrator of anatomy in Bristol University. 
He never deserted general surgery, but his mind soon tended to concentrate upon the mechanics of bone and 
joint surgery. He was indeed most ingenious and skillful, and “Hey Groves” splints and appliances became 
a byword. Indeed his early work anticipated much that followed in the field of orthopaedic surgery. Before 
the days of the Smith-Petersen nail, he fashioned pins from beef bone and horns for use in fractures of the 
neck of the femur. In 1913, he described transfixion pins which, passing through fragments, were fixed to 
external bars, thus with Lambotte anticipating Roger Anderson, Haynes, and others who later perfected this 
principle. These pins were again used by him in the treatment of gunshot injuries of bones; he wrote a primer 
on this subject in 1915. During the War of 1914-1918, he served in the Royal Army Medical Corps, and was 
sent to Egypt in charge of the surgical division of a general hospital. Illustrating his resourcefulness, it is 
related that, on setting out for Alexandria with other R.A.M.C. officers, he found that none could go aboard 
ship unless properly dressed in spurs; whereupon he managed to acquire a rusty pair at a marine store, and, 
having himself embarked, tossed them ashore repeatedly for the use of each of his colleagues in turn. 

On November 28, 1917, he was one of that small group of surgeons who met together at dinner at the Ca/d 
Royml in London to consider what steps should be taken to found an association of British orthopaedic sur- 
geons. At that time Hey Groves did not regard liimself as an orthopaedic surgeon in the accepted sense of 
the term; but, at the invitation of Robert Jones, he had already entered the fold by taking surgical charge of i 
the Military Orthopaedic Centre at Bristol. His intrusion into orthopaedic surgery was viewed by certain 
purists of the older school with considerable misgiving, and, by a narrow doctrinaire interpretation of what 
constituted a “real” orthopaedic surgeon in the year 1917, his name was omitted from the list of eighteen 
surgeons invited to become foundation members of the new Association. It was characteristic of the m-an 
that he showed no open resentment at this most unfortunate action. It was not long before the Association 
made amends by sending a special invitation to Hey Groves to join in the capacity of an original membc'- 
From that time on, he became a loyal and powerful advocate of the cause of orthopaedic surgery; and, during 
the earlier years of the Association, this small specialist body gained prestige from the fact that one of i^ 
most distinguished active members held a University Chair of Surgery, was the Editorial Secretary of " 
British Journal of Surgery and later became a Vice-President of the Royal College of Surgeons. It cas 
clearly fitting that Hey Groves should in due course be chosen as President of The British Orthopaedic Asso- 
ciation, and his second year in that office (1929) was notable in the annals of the society as the occasion wlien 
a strong contingent of The American Orthopaedic Association came to London to take part in a joint mcetmr 
with their British colleagues. The following year Hey Groves became President of the Association of 
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:eons of Great Britain and Ireland, tlius attaining to the dual honor which Robert Jones had previously 
chieved, and thereb 3 ' forging another link between general and special surgerj'. 

The British Orthopaedic Association is now, by common consent, the mo=t vigorous of the special Asso- 
iations in Great Britain. It has a large and ever-gronring membership, but there has been no schism. Or- 
hopaedic surgery remains within the fold of surgery as a whole, and the tradition of unity founded by Robert 
fones and fostered b 3 ^ Hey Groves still endures. 

At Bristol, Hey Groves had been promoted to the Chair of Surger 3 ' in 1922. old student writes: “He 
lad a vivid character, full of imagination and energ 3 '; he was an excellent teacher who brought a great sense of 
mmor to his well attended ward rounds and operations. He was naturally very popular among the stu- 
lents; for, youthful himself, he was veiy' fond of young company and alwa 3 's enjoyed a party, particularly 
lancing. Rot infrequently his students, staff, and ward sisters were invited to join him — he was so charm- 
■ig.” Some of these students had other reasons to be grateful, for not a few keen men w ere helped financially 
through difficult periods of their student life and the following da 3 ’s. 

As a writer. Hey Groves was prolific ; several standard textbooks on surgery for students and nurses came 
irom his pen. For the practising surgeon, his concern was no less great, particularly his desire to advance 
the treatment of fractures and operative technique. “The Modem Treatment of Fractures”, written in 
1910, Was followed by many authoritative articles on these themes, and in 1935 he published his translation 
Lorenz Bohler’s work, of which he was a wholehearted siqiporter. In his foreword, Hey Groves emphasized 
the fundamental principles which Bolder had demonstrated; “the necessity for unity of control, lo 3 -al and 
^fheient team work, accurate knowledge of the after-rc.sults, and meticulous attention to detail”. 

Throughout his life, both in surgical practice and in teaching, his mind was alert to the needs of the 
“everyday” problem, the thorough teaching of the student .and younger surgeon in groundwork, and the sim- 
plification of methods for the safety of the p.atient. Xo better example of thi- can be found than in that 
product of his hater period, the “Hey Groves Introducer” for the Smith-Petersen nail, which one of hi= fol- 
lowers has de.scribed as “making a x’erN' difficult operation simple”. 
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In all this, sufficient would be found to place the name of Hey Groves high in the history of singer)- 
during the past fifty years. In addition, however, we must note the special part he has played in scientific 
journalism, and in the advance of surgery through the distinguished Brilish Journal of Surgery, with the 
origin of which he was so closelj'- concerned, and whose destinies he so largely directed as editor for twenty- 
eight j^ears. In 1941, when he was forced to retire, owing to a period of ill health, aggravated by enemy 
action, the Journal was able to say: 

“During all this time the services of our Editor have been remarkable and steadfast and his robust 
honesty of purpose and tireless work have served the .lournal well. A wide knowledge of world literature 
and foreign travel have given Groves a breadth of outlook ivhich has been of great value. Our present position 
entitles us to claim that we rank very high among the leading surgical journals of the world, and it is not too 
much to say that this enviable position is very largely due, not only to the work, but to the outlook and the 
sustained interest of our first Editor.” 

Certain it is that The British Journal of Surgery has set a very' high standard, not only^ in its format and 
technical production, but in the care which obviously'- for so long has been spent upon its editing. In that 
Journal’s first twenty-eight volumes, will be found for future readers a worthy monument to Hey Groves. 


SIR HENRY GAUVAIN, M.D., M.CHIR. (CANTAB.), M.D. (HON.) MELB., F.R.C.S. 

1878-1945 

In the year 1908, there was founded at Alton in the English County' of Hampshire, the Lord May'or 
Treloar Cripples’ Hospital. The founder. Sir William Treloar, a philanthropic man of business, chose as 
Resident Medical Officer a young man, thirty years of age, who had only recently' completed his house ap- 
pointments at St. Bartholomew’s Hospital, London, Sir William planned his hospital to care for the crippled 
children of London, whose need had so greatly impressed him. The plans were laid with care, and have borne 
abundant fruit in the fine modern orthopaedic hospital which now bears his name, caring for a far wider com- 
munity than was dreamed of by its founder. That such development and e.vpansion proved possible can in 
large measure be attributed to the vision, energy, and enthusiasm of that y'oung man of thirty, who later be- 
came Sir Henry Gauvain, the Hospital’s Medical Superintendent, and who for thirty-seven y'cars labored to 
develop and expand the ivork of the Hospital, so that it has acquired an international reputation. 

It is difficult now to realize the indifference and lack of interest in crippling conditions — particularly sur- 
gical tuberculosis — that existed forty years ago. Gauvain, from the first, made surgical tuberculosis las 
especial study, and in the course of a few years materially' altered the pessimistic attitude characteristic of 
those days toward all forms of bone and joint infection. Deliberate and planned conservative treatment ol 
surgical tuberculosis was scarcely practised in England at that time. Indicative of the apathy with whid 
Gauvain had to contend was the comment of a distinguished consultant member of the Medical Board which 
Sir William Treloar had appointed to guide him in developing the Hospital, who said of Gauvain’s request foi 
provision of a sterilizing plant: “Of what use are sterile dressings for cripples?” 

Gauvain, born in Alderney' of an old Channel Island family, had early' acquired a love and appreciation 
of the value of the sun and the sea. A visit to Borck-sur-Mcr, where the conservative treatment of surgical 
tuberculosis had already' been practised for many' y'ears, quickly' led Gauvain to realize the importance of the 
0 [icn air and the sun in the treatment of the disease. 

From the first, therefore, Gauvain stressed, in articles and to the many students and medical men whe 
soon began to come to Alton, that the surgical tuberculous lesion ivas hut a local manifestation of a general drs- 
ease, and that no form of local treatment could be succe.ssful unless it were accompanied by' “all po.ssiblc 
measures to improve the patient’s general health and increase his powers of resistance to tuberculous disease • 
Gauvain was a man of vision and originality, and he determined to interpret his principle of full and active 
conservative treatment of the patient as a whole in its widest and most complete sense. 

He studied hospital planning and iiersuaded the Trustees of the Hospital to build at Alton a hospital 
which is a model of hospital design for the open-air treatment of children, with the most complete siirgic.'il 
facilities. Land was acquired at Ilay'ling Lsland for a seaside branch, so designed that bed as well as ambulant 
patients could benefit by' .sea-bathing as a form of treatment. 
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earlj' that no plan of general treatment for a ehi-onic disease in clu'Idliood could be adc- 
’ "bich did not also cater to the mind. An experimental hospital school — the first of its kind in Eng- 


id 


lucaf'^* sanctioned b 3 ^ the Board of Education in 1912. Lloj’d George, then President of the Board of 
. . "as so impressed noth the importance of the work that he decided that grants should he given to 

^ IS tj’pe of education througliout the countrj'. 


3 20, w hen Gauvain received the honor of knighthood, it is no exaggeration to sa\' that his w 

I to .in . ... . . . . . ... - . 
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an entirety new outlook on the part of the profession toward the possibilities of the non-opcrativi 


of surgical tuberculosis and the prognosis of the disease, 
j aiiyun did not neglect the local treatment of the tuberculous lesion. He designed a number of •-jrlints 
plian fixation of the lesion and the prevention or correction ot the dcfonnity. .\11 ^uch 

the SOt'erned bj- the prineijrle that “the simpler the appliance emplox'cd, the greater the comfort 

e patient; and the fewer the complications in the apparatus, the better the re-.ult will be”. He na‘. rc- 
luablo^/°'^ introducing the technique for making light moulded splints of celluloKl-impregnated mu-Iin, 

nse in tuberculous disease in children. To see him applj’ and mouH a planter sjrica to a child 
n realize that for him it had to be artisticalty satisfying, as well as mechanically efficient, 
riicuk'”]^'''' ^ni'i’k-sui'Mcr, Gauvain learned the teehnique of the a'-piration of tiiborculou'- ab^ce"e... 
darv psoas abscess. Realizing the x-alue of the method in preventing 'iiui-- fonnation and m'c- 

en' (■ Gaux-ain practiced and ciidcax-orcd to popularize the method m England, f'lirpri-ingly. 

■ ice of aspirating psoas abscesses, as opirosed to inciting the ab^cc'-'C'. wa^ at fii-'t ^tronglv ojipo'iaJ 
"le older surgeons. 
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As a diagnostician of tuberculous disease, Gauvain acciuired a great and well-deserved reputation. In 
1918, ho first described the sign for the presence of active disea.se in the hip, which has since become known by 
Ills name, and his original description of wliich deserves repetition: 

“If the femur on the affected side be grasped firmh’- in the region of the condyles, it will be found that 
the head of the bone may be gently rotated within tlic acetabulum, either inward or outward, through a vary- 
ing but often considerable angle. When this movement is checked, but the disease remains active, a further 
slight sharp rotation is instantly followed by spasmodic muscular contraction, not confined to muscles about 
the joint but extending to the abdomen and visible in the abdominal muscles, or still more easily- demonstrated 
if the palm of the hand is placed on the abdomen between the iliac spines. Quite a gentle and painle.ss but 
sharp rotary movement is sufficient to jn-ovoke this i-eflex spasm of the abdominal muscles. Naturally, if 
would not be attempted where the disease is obviously active, but in just those cases whore doubt exists I 
have found it a sign of the utmost value. With a little practice the sign is easily and safely obtained if the 
disease is active.” 

Although Gauvain’s early i-eputation rests upon his er-usade for the efficient conservative treatment of 
tuberculosis, in the widest sense, he was by no means opposed to surgical intervention at the appropriate time. 
Spine fusion, extra-articular arthrodesis of the hip, and other fixation and stabilizing procedures were prac- 
tised, but it was alwaj^s emphasized that these were jirocediircs for the selected case, only to be carried out 
when the disease was quiescent as a mechanical means of acquiring stability in a part left unstable as the 
result of disease, and not procedures to be adopted in active disease or to shorten the period of essential 
conservative treatment. 

A gifted speaker with a pleasing and livel}'^ manner, Gauvain found many' an occasion to spread and em- 
phasize his views, and although his style was perhaps more suited to the pojjular scientific lecture than to the 
studious paper', he always gained a j-eady'' Jieai'ing in both medical and lay^ audiences; and his manner was 
such that his addresses were I'emembcred long after'wards. He delivci'cd the Hastings Popular Lecture at 
the British Medical Association Annual Meetings of 1924 and 1 933. In 1926, he went on a lecture tour in the 
United States of Amei'ica and in Canada. In 1936, he received the Distinguished Service Gold Key of the 
American Congress of Physiotherapy. In 1935, he was President of the Tuberculosis and Public Health 
Section at the British Medical Association meeting held in Austi'alia, and I'cceived the honoi'ary degree of 
Doctor of Medicine from the University of Melboui'nc. Gauvain also held office as President of the Sections 
of Diseases of Children, Orthopaedics, and Electrotherapeutics of the lloyml Society of Medicine of London. 

Gauvain’s interest in orthopaedic surgery was in no sense confined to tuberculous conditions, and in recent 
years he had become particularly^ interested in jjoliomymlitis. It had been planned to develop the Seaside 
Branch of the Treloar Hospital as a center for treatment of paralydic conditions on a largo scale. In 1938, 
Gauvain visited the United States in order to study^'at first hand the Warjn Springs Foundation and other 
centers where paralydic conditions are especially’’ treated. Plans were again drawn up for a new extension 
of the work of the Treloar Hospital, and it was one of Gauvain’s greatest disappointments that the War has 
prevented the development of this scheme to provide comprehensive treatment for a range of crippling 
conditions, for which adequate facilities are not ymt available. 

As a result of his interest in sunlight as a therapeutic agent, Gauvain became much interested in helio- 
therapy in all forms and in particular in the treatment of lupus vulgaris. This interest led to the establish- 
ment of a plastic unit, primarily for the treatment of scarring left by lupus, but now treating a large range of 
congenital and acquired defects amenable to plastic surgery^ 

No appreciation of Sir Henry Gauvain would bo complete without some reference to the man himself. 

A man of great personal charm, he was able to arouse affection and loyalty' in his staff. He was also a 
man of action and great administrative ability'. Always ready to listen, and to discuss suggestions and diffi- 
culties with his staff, once a decision was arrived at, it was adhered to and pursued unsiyorvingly'. 

It was his pride that Treloar Hospital, in which his interest was so very personal, was a happy' hosi)ital. 
and this faculty for keeping his patients happy and contented was to him a very real and essential part of 
treatment. It was perhaps particularly exemplified by the way in which his essential kindliness and great- 
ness of heart won the affection and secured the contentment of his child and adult patients at his private 
clinic at Morland Hall, Alton. 

An apostle of conservatism in an era which has seen the greater part of the development and elaboration 
of orthopaedic operative technique, Gauvain’s contribution to orthopaedic surgery is perhaps greater than i’’ 
at present realized. 

To those who knew him, he will long remain a friend and mentor whose wi«dom, kindliness, and humoi 
will not be forgotten. 
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1876-1945 

In the death of Fred Houdlett Albee on February 15, 1945, in Xew York City, surgera- lia*- Io>t one of its 
niost witstanding figures. Dr. Albee was known the country over and, at the time of his death, in all prol>- 
nbility was one of the best-known orthopaedic surgeons in the world. Although he was the reeijiient of 
numerous honoi-s at home and abroad, readers of The Journal will not require a li-t of his attainment.s. , Other 
readers will find .j accurately factual obituaries published elsewhere.* The purpose here is more 
to recall the characteristics and interests of a friend long known, and to record the sen-e of lO'S which his 

ncath engenders. 

Fred Albee's personality was an unusual one. Endowed with great energy, he never .spared himself in 
devotion to his cho.=en field of orthopaedic .surgen-. lie w.a.s one of those rare individual' who. as the yieirs 
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accumulate, never lose their youtliful entlmsiasni, but eaKcrly look for neu' things which will contribute to 
man’s progress. Although, in a way. Dr. Albec wa.s one of the crusading type, he was always kindly, courte- 
ous, and considei'ate of the ojnnions of others. He wa.s a great traveler, and his familiar, sturdy figure will be 
missed at meetings of orthojraedic surgeons. 

The founding of the International Society of Orthojraedic Surgei-y was without doubt due to Dr. Albee'? 
efforts. He was president of many organization.s during his career, including The American Orthopaedic 
Association and The International College of Surgeons. 

Contributions to surgical literature made b^' Dr. Albec were far too numei'ous to record here, but his early 
works, ‘‘Bone Graft Surger.y”, published in 1915, and “Orthopaedic and Reconstructional Surgery”, issued 
in 1919, were in their day outstanding. In 1937 apjjearcd “Injuries and Diseases of the Hip”, and in 1940 
was published “Bone Graft Surgery in Disease, Injui'i', and Deformity”, dedicated to the progress of bone and 
joint surgerJ^ They arc valuable contributions by a sca.soncd and e.vpericnced surgeon. No man contrib- 
uted more original methods with reference to the use of bone grafts than did Dr. Albee; he was truly a pioneer 
in that field. 

Dr. Albce’s interest in the art and science of orthopaedic surgery resulted in his giving much time and 
energy to rehabilitation of the handicapped. He became particularly active in this work in the course of flic 
War of 1917-1918, when he held the rank of Colonel and was Chief of Staff of General Hospital Number 3, 
situated at Colonia, New Jersej'. It was due to his efforts that there was established, at Colonia, the fiist 
rehabilitation center, from which sprang the New Jenscy Rehabilitation Commission. In 1940, for his twenty 
years’ service as Chairman of this Commission, ho was honored with a testimonial dinner, sponsored by tbc 
State Department of Labor and Rehabilitation. 

Dr. Albee’s family life was a most happy one. His devoted wife shared his many^ interests. A son, 
Fred, is just entering the practice of medicine. Closely interwoven with Dr. Albce's family life was the 
Medical Center at Venice, Florida, which was a project dear to his heart. He spent much time there, living 
on his estate, where his active interest in many phases of agriculture had free sway. 

Some who read these paragraphs will be old friends of Fred Albee, some will be men of a younger group 
who were stimulated by his demonstrations and clinics, many will be acquainted with him only through the 
written word. All will join in tribute to a man who did much for surgery' and especially for orthopaedic 
surgery. His efforts of a lifetime aided, and brought relief from pain to many' patients. 


BENJAMIN FRANKLIN BUZBY 
1891-1944 

Dr. Benjamin Franklin Buzby of Philadelphia died on October 22, 1944, at the age of fifty-three y'cars. 
He held the positions of orthopaedic surgeon to the Germantown Hospital in Philadelphia, the Cooper 
Hospital in Camden, New Jersey', the Burlington County Hospital in Mount Holly, New Jersey', and of 
consulting orthopaedic surgeon to the New Jersey State Hospital for Tuberculosis at Lakeland. 

He was born July' 31, 1891, at Swedesboro, the son of Dr. Benjamin F. and Emma Holbrook Buzby. 
He received his degrees of Bachelor of Arts and Doctor of Medicine from the University of Pennsylvania u' 
1911 and 1914, respectively-. 

During the last War he served overseas as a Captain in the Army- Medical Corps. He was President 
of the Camden County- Medical Society- during 1937-1938. 

He was a member of The American Orthopaedic As.sociation, and of The American Academy- of Ortho- 
paedic Surgeons, a Fellow of the American College of Surgeons and of the Philadelphia Academy- of Surgery. 

Dr. Buzby- contributed many- papei-s to orthopaedic literature, the one on the functional results of 
excision of the elbow being particularly- noteworthy-. He was a very- hard worker with almost unlimited 
energy- and enthusiasm. He was of very- honest and upright character, was devoid of all petty- meanness, 
and was respected and admired by his associates. 

He was a member of the Philadelphia Racquet Club, the Philadeljihia Country- Club, the Camden City- 
Club, and the Pine ^'alley' Golf Club. . 

He is survived by- his wife, Mabel, and by two children, a son, aged seventeen, and a daughter, agco 
nineteen, to all of whom he was particularly devoted. 
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THE BRITISH ORTHOPAEDIC ASSOCIATION 


Tlie Annual Meeting of The British Orthopaedic Association was held in London, on December 15 
ind 16, 1944, under the presidency of Mr. St. J. D. Bu.xton. The principal subjects of discussion the first 
laj' were the vascularization of muscles, the deneiwation and re-innervation of voluntary' muscles, and certain 
phases of war surgery. 

In discussing vascularization of muscles. Professor W. E. Le Gros Clark said it is well knowm that most 
muscles are supplied by two or more main blood vessels, and injected specimens show clearlj' that their 
branches effect a number of anastomotic connections inside the muscle. But such material gives no real 
ndication of the adequac}' of these connections for the establishment of a collateral circulation; nor does it 
show whether interruption of one of the main vessels, or of one of their intramirscular branches, may lead to a 
localized ischaemia severe enough to be of practical importance. These problems have been studied in 
rabbits bj' the ligature of .blood vessels suppljdng muscles, the results being assessed partb' by subsequent 
histological e.xamination, and partly by using a highly' diffusible dj'e, bromophenol blue. This dj'e 
rapidly colors all normal muscles after intravenous injection, and is of particular value for assessing the 
physiological efficiency' of the circulation, since it indicates the degree of interchange between the capillaries 
and muscle tissue, even when a feeble circulation in the main blood vessels may' be still present. The effi- 
ciency of the anastomotic connections was found to vary' considerably in different muscles. In some, such 
as the tibialis anterior, ligature of one of the vessels of supply' leads to a sharply' defined area of ischaemia. 
Two days after ligature of the lower vessel of supply to the tibialis anterior, intravenous injection of bromo- 
phenol blue stains the upper half of the muscle to a normal intensity, but the lower half remains almost en- 
brely unstained, and the boundary between the two areas is sharply' defined. The normal vascularization 
af the lower half of the muscle is not restored for about a week. If both of the main vessels supply'ing the 
tibialis anterior are ligatured, revascularization is dela.ved for two weeks. In e.\'periments in which small 
steel ball bearings were shot through the adductor muscles of rabbits, at velocities of 250 to 1000 meters 
per second, localized and sharply defined areas of ischaemia were produced, as a result of interruption of the 
muscle vessels. Histological study of the unstained areas of muscle in these e.vperiments show'ed that most 
of the muscle tissue had undergone necrosis. The necrotic tissue is removed quickly' by' the invasion of 
granulation tissue with abundant macrophages, and its removal is soon followed by' the regeneration of new 
muscle fibers. The e.vperiments show that in the muscles of the rabbit there is a remarkable potentiality' 
or regeneration in devascularized tissue, and that, in spite of anastomotic connections, the interruption of 
one Vessel of supply to a muscle, or of one of its branches, may lead to a relatively extensive and well defined 
area of ischaemia, lasting for several days. This is important in relation to the infection of muscles in 
war wounds. 


iJr. Ruth Bowden demonstrated the importance of maintaining function in voluntarj' muscles, dener- 
vated IK a result of peripheral-nerve injury. In such cases, atrophy is most rapid in the early stages of 
paralysis, when there is an increase of connective tissue, associated with wallerian degeneration in nerve 
hers, and obliteration of the terminal Schwann tubes and motor end plates. Eventually, as muscle fibers 
continue to atrophy', they' are replaced by' fat and by connective tissue. Finally, the muscle may resemble 
endon. Up to a year after denervation, a fair degree of functional recovery' may be expected; nevertheless, 
c atrophy and replacement by' connective tissue starts after three months. The reversibility' of the changes 
m muscle depends upon such things as sepsis, age, mobility of the limb, and physiotherapy, as well as upon 
le nature of the lesion in the nerve itself. The electrical changes in deneiw'ated muscle are due, not so much 
o degeneration, as to atrophy'. The more sluggish response to galvanic stimuli is due to the impulse being 
conducted through muscle, instead of through nerve. The response may' disappear altogether, if atrophy' is 
c 'anced. Electromy’ography reveals changes accompany'ing fibrillation, which persists .as long .os any- 
enervated contractile fibers remain, and the special type of action jiotential noticed during the early stage-s 
p ro-innervalion. Dr. Bowden stressed the value of galvanism in maintaining mu=cle actirity, and in lim- 
’ ing the degree of atrophy'. It must be regular, .and be started as soon as [lossible after injury. Contrac- 
urcs which may develop in denervated muscle, because of the connective-tissue formation, can Ijo retanlcd 
> Physiotherapy, and may bo prevented by daily movements throughout the whole range of the joints of 
■e limb. Splinting of paralyzed muscles should never maintain complete immobility. 

. hioutenant Colonel E. A. MaeXaughton. Royal Canadian .A.rmy Medical Corjis, dc-cribed the tech- 
’“que of early wound closure and treatment in pl.i-ster of ten compound fracture^ of the femur. Prorided 


that the 


^niniediute j)riniarv trciitnicnt liad l^ccn adequate, — cxci’^ion of tlu* ^^oun(L'•. anii pencnil tn*Atnicnt 


blood transfusions, i>emcillin, or sulfonamides— the thigh wounds in tliest' oomi>ound fractun.' 
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completely closed, without drainage, a week or so later. Closui'c was accompanied by accurate reduction of 
the fracture, and, where required, stainless-steel wires or vitallium screws wore used in its fi.vation, without 
interfering with wound healing. Colonel MaeNaughton emphasized the importance of adequate preparation 
of the patients for operation by rest, replacement of blood loss, further penicillin before and after operation, 
and avoidance of examination of wounds in the wards before operation. 

Lieutenant Colonel R. Zollinger, Medical Corps, Aimw of the United States, questioned the value of 
sulfonamide drugs inserted into wounds. This is unnoce-ssaiy if the primary excision has been adequate. 
Sulfonamides thus inserted do not penetrate far into crevices, where it is often important to maintain a high 
concentration of the drugs; this could be ensured onlj'^ by adequate general administration. 

On the second day there was a discussion on amputations and limb-fitting at Queen Mary’s Hospital, 
Roehampton. 

Mr. F. G. St. Clair Strange read a paper on the “Amputation Stump, in Health and Disease”. The 
amputation stump must bo considered a new and normal organ, on the perfection of which will depend the 
health and happiness of the patient. It should be an evenly truneated cone, having the smoothness of skin 
and scar mobility wdiich follows healing by first intention, and with no scarring or oedema in the subcutaneous 
tissues. The stump requires an internal scar, between the cut surfaces and the top surfaces of the flap; 
normal structure and function of the muscles inserting into the stump; rounding off of the bone end, with its 
covering layer of compact bone; and the special adaptation of function in the stump to control the artificial 
limb. The flaps should be rounded, and should contain deep fascia, in order to retain tymphatic, blood, and 
nerve supply to the skin. There must be minimal trauma of nerves. Bone and periosteum must be cut at 
the same level; and hemostasis and skin suture must be carefully done. Postoperative care should avoid the 
development of flexion contractures. Mi-. Strange stressed the importance of minimal disturbance of dress- 
ings. Elastic bandaging of the stump should be used from the twelfth day, to shrink the stump wdthout form- 
ing a “w^aist”; non-resisted exercises should be encouraged from the twelfth day, whereas progressive resisted 
exercises do not begin until three and a half weeks after amputation. Stumps are ready for measuring in 
four to six wqeks, and are ready for the artificial limb by the time it is made. 

Professor N. Priorov gave a rdsumd of the experiences with amputations in a large area under his control 
in Russia. ' Plaster was applied to the stumps to facilitate transit in cases of primary guillotine amputations 
in field hospitals. The first dressing was never done before the eighth day. Secondar 3 ’- suture of long skin 
flaps was often done with sutures inserted through plastic buttons, which can be pulled up gradually until 
closure is effected. The operative technique included muscle tamponade of the end of the bone canal. 
Temporarj'- bucket peg-leg prostheses arc extensivety used. 

Mr. George Perkins emphasized the importance of the deep fascia and its treatment in providing 
a mobile scar. 

Colonel Stout, New Zealand Army Medical Corps, said that, in the New Zealand Army, all amputations 
were left open until the fourth or fifth day, and were then sutured; they were expected to heal by first 
intention. 

Major Mather Cleveland, Medical Corps, Arm}'- of the United States, said that American Army sur- 
geons w'ere told to carry out circular amputations at the lowest possible level. In most cases, these were 
followed by skin traction within a plaster bucket. The soldier was then evacuated to the interior, where 
definitive treatment was carried out. 

Professor T. P. McMurray asked surgeons not to be hasty in carr 3 dng out amputations ,-even a bad limb 
of his own might be more acceptable to a man than an artificial one. 

Dr. A. J. Craft demonstrated all the standard limbs supplied b 3 '^ the Ministry of Pensions. 

Mr. R. D. Langdale Kelham, in a paper on amputations in children, stressed the need for making stumps 
as long as possible, because the stumps of children do not grow as much as their normal limbs. 

Colonel Rex Diveley, Medical Corps, Army of the United States, presented a moving picture film, dealing 
with the life of a man who had two arms amputated and yet attained a high degree of independence. 

Major John Charnley, Royal Army Medical Corps, demonstrated an adjustable w'eight-bearing caliper 
splint, designed on the Thomas principle, but suitable for mass production in a variety of standard sizes, 
having a ring for ischial-bearing, which is adjustable within limits for different thigh circumferences, and 
upright irons adjustable for length by a screw-fitting extension. With a suitable supply of basic parts, 
fitting and suppb’ing such an appliance took an hour or two, compared with the several iveeks required for a 
product made to measure. 

During the meeting honorar 3 ’' membership was conferred on Sir Alfred Wobb-Johnson, Pre.sident of the 
Roval College of Surgeons, and on Mr. J. Rhaiadr-Joncs, Chairman of the Executive Committee of the 
Central Council for the Care of Cripples. Other new members elected were: 

• Full Members: 

T. P. Kilner, F.R.C.S., London, W. 1. 

A. H. Mclndoc, F.R.C.S., London, W.l. 

Rainsford Mowlem, F.R.C.S., London, W.l. 
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Assoaalc Afcmbcrs; 

Douglas Frecbody, F.R.C.S.E., Putney, S.W.lo. 

W. Hcrschell, M.B., Ch.13., Stanmore, Middlesex. 

Surg. Cdr. Claude Keating, R.N., Brisbane, Australia. 

Fit. Lt. F. B. Kiem.ander, R..4.F., Oxford. 

Surg. Lt. Cdr. R. A. Mogg, R.X.V.R., C.ardiff, Wales. 

Dr. W. W. Ollerhead, London, Ontario, Canada. 

J. D. Raftery, F.R.C.S., Xew Barnet, Hertfordshire. 

Squad. Ldr. W. T. Ross, R.A.F., London, W.2. 

Christopher Rowlands, M.B., Ch.B., Llanrhaiadr, Oswestry. 

Squad. Ldr. T. B. Russell, R.A.F., Thornton Hall, Lanarkshire. 

S. Smith, M.B., Ch.B., Gla.^gow, Scotland. 

Squad. Ldr. E. Somerville, R..4..F., Halton, Wendover, Buckinghamshire. 
Fit. Lt. R. A. Trevethick, R.A.F., Sheffield, 11. 

Surg. Lt. J. Wishart, R.X'.V.R., Glasgow, X.W., Scotland. 


In the Januarj’ issue of T/ic Journal was given a list of Fellows of The American Academy of Ortho- 
paedic Surgeons, elected during the year 1944. The name of Martin Batts, Jr., should have been included. 
Dr. Batts was elected to Fellowship, but died on July 8, before he received his diploma which has been 
awarded posthumously. 


The Fifty-Xinth Annual Meeting of The American Orthopaedic Association, planned for Maj' 28 
to 31, at The Homestead, Hot Springs, l’'irginia, has been cancelled at the request of the Office of Defense 
Transportation. 
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Current Literature 

Shoulder Lesions. H. F. Moseley, M.A., D.M., M.Ch. (Oxon.), F.R.C.S. (Eng. and C.), P.A.C.S. Spring- 

field, Illinois, Charles C. Thomas, 1945. .S4.50. 

The expressed purpose of this book is to make available to the reader a short up-to-date account of cur- 
rent knowledge pertaining to certain painful lesions of the shoulder. This purpose is carried out in an orderly 
and readable fashion so that the busy practitioner will encounter a minimum of difficulty in obtaining a com- 
prehension of the basic pathology, differential diagnosis, and accepted forms of therapy for the various forms 
of painful shoulder so often encountered. 

An introductory chapter deals with normal anatomy and physiology; and the relative importance and 
interdependence of the various units of the “arm trunk mechanism" are emphasized and illustrated by 
clinical examples. Following a description and discussion of the general points of clinical examination, the 
detailed points of examination, along with the basic pathology and various forms of therapy, are discussed in 
successive chapters dealing with cuff tears, siibluxations and dislocations, calcific deposits, the bicipital 
syndromes, and periarthritis with its allied conditions. Dr. F. L. McNaughton contributes an excellent 
chaptei', which in twenty-two pages covers the neurological aspects of shoulder pain in a comprehensive 
manner; and Dr. Jean Bouchard and Dr. C. B. Peirce a chapter of twenty-six pages covering x-ray exam- 
ination and therapy. The commoner operations are described and supported by case reports. -Proper 
emphasis is laid on re-education of function in a separate chapter, which in its detailed discussion of rehabili- 
tation procedures will be of great value to the reader. 

The only major adverse criticism possible is that the discussion of fractures is confined to less than four 
pages. The common bone injuries of the shoulder girdle would seem to be worthy of a more important place 
than has been allotted them. 

The work is well illustrated and accompanied by an excellent bibliography. It will constitute a valuable 
manual of shoulder lesions for the general practitioner. 


Quistes Simples de los Huesos (Simple Bone Cysts). Oscar R. Mardttoli. Buenos Aires, El Ateneo, 

1943. 

This is an excellent monograph on the subject of simple bone cysts. It comprises 220 pages, and includes 
about 240 figures, most of them preoperative and postoperative x-ray studies of the author’s cases. It is well 
presented, written in simple, clear, and straightforward style, and is a thorough e.xposition of the subject. 
It can be read rapidly and with interest, and is so well organized that one can readily use it as a reference to 
obtain the outstanding opinions on experimental, pathological, and clinical aspects of simple bone cysts. 

The chapters on pathogenesis and gross and microscopic pathology are especially good, and numerous 
illustrations accompany the text. The experimental studies made by the author are discussed, but not 
elaborated upon to the exclusion of the clinical side. The chapters on roentgenographic signs, and the 
differential diagnosis of bone cysts from dystrophy, inflammatory and metabolic lesions, and tumors are 
carefully presented. 

With this material for a background, the operative and postoperative methods of treatment are dis- 
cussed, and the results recorded with particular emphasis on the author’s cases. An honest effort has been 
made to solve this therapeutic problem to the best of our present knowledge. 

This is a valuable monograph. 


The 1944 Year Book of Industrial and Orthopedic Surgery. Charles F. Painter, M.D., Editor. 

Chicago, The Year Book Publishers, Incorporated, 1945. $3.00. 

The reader of a j'ear book wishes to be introduced to the most important contributions on the subject 
to the medical literature of the 3 "ear. The actual value of such a book depends, therefore, upon the care and 
good judgment with which the articles reported have been selected. 

The 1944 Year Book of Industrial and Orthopedic Surgery, as its predecessors, is a review of the best 
contributions to these fields during the past year. In the section on Orthopedic Surgery, certain subjects 
seem to have received special emphasis in the literature. For instance, there have been many valuable 
articles on lesions of the shoulder, and the better understanding of dislocated and herniated intervertebral 
discs has led manj" authors to write upon these conditions, their causes, and their place in differential diagno- 
ses. Surgeons in the Armed Services have offered for publication reports of unusual cases and studies of the 
more common injuries of the locomotor sj'stem. Conditions seldom seen in private practice have been 
observed verj*^ frequent^' in Armj" personnel. 
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Part II is devoted to Industrial Medicine and Surgery, and the articles to which reference is made deal 
with the general problems of liealth in industry, as well as the unusual conditions and hazards of wartime, and 
the specific problems of occupational diseases. 

This Year Book meets a real need, and is an excellent compilation of the important contributions in this 
field during the past year. 

Modern Methods of Amputation. Edmundo Vasconcelos. (With an Introductory Survey of the Devel- 
opment- of Amputations by Major General Norman T. Kirk, M.C., Surgeon General of the United ■ 
States Army.) New York, The Philosophical Library of New York, Department of War Medicine, 
1945 . SIO.OO. 

The text, which pertains to the timely subject of amputations, opens with an Introductory Survey on 
the Development of Amputation by Major General Norman T. Kirk, whose contributions to this subject 
are well known. This Surve3’' is reprinted in its entiretj' from an article appearing, in the Bulletin of the 
Medical Library Association, April 1944 . It is written in an interesting and scholarly manner, indicative of 
extensive historical research, and is a valuable contribution to the history of amputations, particularly as 
related to war. There are several excellent illustrations of historical interest, which have been reproduced 
from ancient and mediaeval writings. 

The first three chapters deal with general considerations, including indications for amputation, sites of 
election, and preoperative and postoperative treatment! These subjects are well covered bj’ the author, 
who is Professor in the Universitj’ of Sao Paulo. In the main, his ideas are in agreement with those widelj' 
accepted. The influence of surgical writings from continental Europe is apparent. Some of this latter 
material is not altogether in accord with practice in the United States and Great Britain. 

Chapters IV and V contain detailed descriptions of the technique of individual amputations, and the3' 
are thorough and comprehensive. Considerable space is devoted to a description of complicated amputa- 
tions through the tarsal bones, man3’ of which are not accepted in this country. Where satisfactor3’^ pros- 
theses are not readil3" available, such operations ma3' be useful, but where the art of limb making is highl3" 
developed, amputations of this type are not recommended. Amputations at a higher level are more easil3' 
performed, and most surgeons consider them more satisfactory. 

The greatest value of the book lies in its well-e.xecuted pen drawings, which illustrate with great clarit3’' 
the various steps in operative technique. The text is not well arranged, and the translation is poor, revealing 
a surprising lack of familiarit3' with English medical terms. The result is awkward and rather stilted, and it 
is difficult to determine the author’s e.xact meaning in many parts of the text. 


Aids to Orthopaedic Surgery and Fractures. I. E. Zieve, M.A. (Capetown), F.R.C.S. (Eng.). Ed. 2. 

London, Baillifire, Tindall and Cox; Baltimore, The Williams and Wilkins Company; 1944 . SI. 75 . 

This is a second edition of a small book of 260 odd pages. It is really a glorified dictionary of ortho- 
paedic surgery, and covers practically everything in a superficial, but most intelligent wa3'. It contains ver3' 
little operative description of an3'thing, except in general terms. There is no bibliography and there are no 
illustrations. The treatments, including the surgical treatments of all the various conditions described, are 
most conservative. Certain standardized and well-recognized methods of treatment and operation are 
advocated, rather than an3' discussion of operative procedures which might be employed for each t3'pe of case 
or condition. This, of course, leaves the uninitiated surgeon with but one choice. 

As one reads it, in places, it seems a little bit old-fashioned, and some of the British terms are not in 
common usage in this country. On the whole, it is a ver3' interesting and useful book, and certainl3' reduces 
things to first principles. The subject matter is ver3' clearly presented in eight chapters and is well grouped, — 
fractures, congenital deformities, acquired deformities, and so forth. For the plysician in general prac- 
tice, and even for an orthopaedic surgeon, it is a ver3' useful, small book to own. 


A List of Books and Pamphuets on the History of Surgery and Orthopedic Surgery. In the Collec- 
lection of Dr. H. Winnett Orr, Lincoln, Nebraska. Ed. 2 . Lincoln, ,Iacob North & Co,, 1945 . 

This is a catalogue of his own librar3% compiled b3' Dr. Orr. Included with the book.<;, man3- of which arc 
old and rare, are the twelve scrap books which Dr. Orr has built over the 3’ears. Five of these reveal the 
development of the Orr method of treatment of compound fractures and osteom3'eIitis; .another, the ex- 
periences of the American Orthopaedic Unit in World War I ; and others, memorabilia of The International 
Orthopaedic Societ3’, The Nebraska Orthopaedic Hospital, and The American Orthopaedic A.ssociation. 
The remainder are devoted to the histor3’ of surgerx' and of orthopaedic surgerr', to Lord Lister, and to Dr. 
Orr’s oval private and professional life. 

Dr. Orr’s books constitute one of the finest private surgical libraries in .America. The mere list of titles 
is a delight to the bibliophile. To the student of the histori- of surgery and the development of the older and 
the modern orthopaedic surgcr3-, this librar3’ is an important source. 
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Physical Tbeatmekt of Anterior Poliomyelitis. Diana B. Kidd, C.S.M.M.G. London, Faber and 

Faber Ltd., 1943. 6 shillings. 

In the introduction to this book, Maude Forrester-Brown, a well-known Scottish orthopaedic surgeon, 
is quoted as sa}dng that three qualifications are necessaiy for a physiotherapist when treating patients with 
anterior poliony^elitis: an accurate knowledge of anatomy, great patience, and a gift of arousing the patient’s 
cooperation. 

The author stresses these qualifications in the text. Treatment is divided into the acute, the con- 
valescing, and the chronic stages, and specific tieatment is described for each phase of the'discase. Attention 
is paid to general health conditions, and to the maintenance of improved circulation by means of massage and 
Joint movements. A system for recording improvement of muscles is included. The author cites the advan- 
tages of the suspension-sling type of le-educational therapy over pool therapy. However, children usually 
respond readily to underwater exercises and enjoy themselves thoroughly. It is a great uplift to youngsters, 
who have some physical handicap, to feel that they are able to e.xcel in any type of physical effort. 

The suspension-sling exercises, with additional pulley weights which provide graded resistance for 
specific muscle groups, are e.vplained, and pictures demonstrating the framework and the positions of the 
joints to be re-educated accompany the text. 

A discussion of the possibilities of electrical stimulation and occupational therapy completes this practi- 
cal handy textbook, which is to be recommended to students, and those practising physiotherapy in anterior 
poliomyelitis conditions. 


The Art of Resuscitation. Paluel J. Flagg, M.D. New York, Reinhold Publishing Corporation, 1944. 

$5.00. 

In the preface, the authoi- states that his purpose is “to tell the reader what to do wlien faced with 
an acutely asphyxiated patient about to die”. The first three sections, covering the first quarter of the 
volume, define the problem from a physiological and medical standpoint, and discuss the indications and 
methods for treatment. The various causes of asphy.xia, such as poisoning from gases, submersion, elec- 
trocution, and respiratoiy obstruction are next described at length, and particular instructions are given for 
dealing with the different situations. Dr. Flagg suggests the organization of the teaching and administra- 
tion of gas therapy including anaesthesia as a specialty, to be referred to as “pneumatologjn” 

This book contains a mass of valuable material. The sections on methods of resuscitation and on trans- 
portation of the unconscious patient are particularly useful. The verbose and overdramatic style detracts 
from so serious a book. In spite of this criticism, “The Art of Resuscitation” is undoubtedly a useful book. 


Todesfall an Fett-Knochenmarkembolie und Ubamie nach “intraduraler” Per-Abrodil-Mye- 
LOGRAPHiE (A Case of Death From Fat Embolism and Uraemia following Intradural Perabrodil 
Myelography). A. Karldn. Ada Chinirqica Scandinavica, LXXXVII, 497, 1942. 

A case is reported in which epidural myelography with twenty cubic centimeters of 35 per cent, perabro- 
dil terminated fatally. An attempt was made to inject the material through the sacral hiatus so that it 
remained epidural in the diagnosis of protruded intervertebral disc. In spite of great caie the 
fluid was deposited intraduralljL In three-quarters of an hour the patient began to have back pain and 
ci'amps. His back muscles became spastic and boardlike. He became blue and cjranotic with cold perspira- 
tion. Three hours after the injection, he became unconscious. Three days latez’, the patient died, ap- 
parently because of uraemia, complicated by a fat embolism from the severe convulsions. 

The writer could find no report of a similar case of death from attempted perabrodil epidural myelog- 
raphy. He did find nineteen fatal cases after the use of the same drug in pyelograms. Perabrodil is 49.8 
per cent, iodine. — Waller P. Blount, M.D., Milwaukee, Wisconsin. 


OSTEOPLASTISCHE VeRaNKERUNG VON MeTALLPROTHESEN BEI PsEUDARTHROsE UND BEI ArTHROPLASTIK 

(Osteoplastic Iai plantation of Metal Prostheses in Pseudo-Arthrosis and in Arthroplasty). 

I. Boerema and J. de Waard. Acta Chirurqica Scandinavica, LXXXVII, 511. 1942. 

Two cases in the human, and several in dogs are reported, in which stainless steel was implanted to 
bridge bone defects. In one case a fenestrated tube of bone was implanted in an ununited humerus. The 
function was good after one year. 

In the second case a stainless-steel elbow joint was used to bridge a defect. One arm of the prosthesis 
was firmly driven into the humerus. The other was made fast to the ulna with some difficulty. At tlie end 
of fourteen months, there was 20 degrees of motion, — from 80 to 100 degrees. — Walter P. Blount, M.D., 
Milwa ukee, Wisconsin . 
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Dexna Festskrift Tillagnas Professors I Ortopedi Vid Kusgl. Karolinska Mediko-Kirurgiska 

Institutet, Henning Waldenstrom. (Memorial Volume.) Ada Chirurgica Scandinavica, LXXXVII, 

Numbers 2, 3, 4, 1942. 

Numbers two, three, and four of Volume LXXXVII of the Ada Chirurgica Scandinavica appeared as a 
memorial book dedicated to Professor Henning Waldenstrom on his si.xty-fifth anniversary, August 14, 
1942. Twenty-eight students and friends contributed a variety of brief articles of orthopaedic interest. 
Stereoscopic photography, the erroneous diagnosis of sarcoma, the epidural injection of abrodil in the diagno- 
sis of disc protrusion, urinary calculi in hyperparathyroidism, ossifjing hematoma, bone grafting in the 
treatment of recurrent dislocation of the shoulder, and the etiology of coxa plana are some of the varied 
subjects. 

Probably because of the War, the contributors were limited to the Scandinavian countries, and princi- 
pally Sweden. Soon after the publication of this volume. Professor Waldenstrom retired as Professor of 
Orthopaedies at the Karolinska Institutet. His place was taken b}' Sten Friberg. — Walter P. Blount, M.D., 
Milwaukee, Wisconsin. 

Der Eixtldss Ortlicher Novocaininjektionen auf die Frakturheilung (The Influence of Local 

XovocAiNE Injection on Fracture Healing. An Experimental Study). Einar Bohm and Gosta 

Fl 5 ’ger. Acta Chirurgica Scandinavica, LXXXIX, 97, 1943. 

There is a growing tendency to treat certain linear fractures by repeated novocaine injection without 
immobilization. There are numerous reports in the literature of cases where such treatment has produced 
more rapid healing with less disabilit 5 '. To investigate this method, the WTiters broke the right fibula just 
above the malleolus in a series of rats. The fractures were produced with little or no displacement. Two- 
tenths of a cubic centimeter of a sterile 1 per cent, novocaine solution was injected directly into the site of 
this fracture. For the first week the injection was carried out dail}'; during the second week, every second 
day; and during the third week, every third day. Roentgenograms were taken and the rats sacrificed at 
various stages of healing from the third to the twenty-fifth day. 

On the basis of their studies, the authors conclude that; 

1. Hyperaemia sets in sooner in the case of the animals treated with novocaine than in those not 
treated. Maximum hjiieraemia was reached in ten daj's in the treated animals, but not for twenty-five days 
in the untreated. After twentj’-five da 3 'S in the treated fractures, the vascular condition about the fracture 
had returned to normal. 

2. Healing appeared to proceed more rapidly following injection of novocaine. After twenty-five days 
in the treated cases, complete reorganization of the callus occurred. After twenty-five daj's the control 
cases still had spongy callus which even contained connective tissue. Onlj’- one of seven of these cases ex- 
hibited any reorganization. Convincing illustrative sections at six, ten, fourteen, and twenty-five days 
are submitted. — Walter P. Blount, M.D., Milwaukee, Wisconsin. 

Synovial Sarcoma. Cushman D. Haagensen and Arthur Purdy Stout. Annals of Surgery, CXX, 826, 

1944. 

Synovial Sarcoma and Normal Si'novial Tissue Cultivated in Vitro. M. R. Murra 3 ', Arthur Purd 3 ' 

Stout, and I. A. Pogogeff. Annals of Surgery, CXX, 843, 1944. 

These articles are combined for review because the laborator 3 - studies were undertaken to obtain con- 
firmation of the mesothelial nature of s 3 'novial sarcoma b 3 ' tissue culture in three cases. An investigation of 
the subject seemed necessar 3 ’ because man 3 ' reports on this rare form of tumor were disappointing, since a 
considerable number of the cases were, in reality, xanthomatous giant-cell tumors, turaor-Iike h 3 'perplasias 
of s 3 Tiovial tissue, or other benign lesions curable b 3 '’ excision. 

The tissue from three cases of human S 3 ’novial sarcoma was cultivated in vitro and was compared with 
similarly treated normal S 3 movial tissue from the knee joint of the adult rat. The normal s 3 movial cell 
appears to be a specific type of cell distinct from other epithelium and from the fibroblast. But the 837101031 
sarcoma appears to be a distinct type of neoplasm exhibiting certain similarities to the mesothelioma. 

The three tumors had definite histological characteristics. The 3 ’ were composed of an inextricable 
admixture of mesothelial cells, with strands of active h 3 ’perchromatic cells resembling fibrosarcoma, .asso- 
ciated with reticulin fibers. It was decided to regard these as the characteristic features of such tumors. 
On this basis, the previousl 3 ’ reported eases were re-examined, and those which failed to satisfx- the criteria 
were rejected. This screening 37elded ninety-five cases; to these were added nine new cases which are re- 
ported in detail. 

The S37iovial sarcoma is a highly specialized and rare form of neopl.asm which attacks the extremities. 
It develoiis slowl 3 -, is more common in 3 ’oiing adult males, and metastasizes througli the blood stream or 
occasionally to the regional lymph nodes. The diagnosis should bo established by histological examination of 
material obtained through a small non-traumatizing incision. Treatment is by high amputation and perhaps 
regional lymph node dissection. Roentgenotherapy is ineffective. 

Of the entire group of 104 c.ases stutlied by the authors, only three are knowTi to be free of meta-stases 
more than five years after treatment.— Paid P. Swclt, M.D., Bloomfield, Connecticut. 
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Wab Surgery in Africa. W. H. Ogilvie. The British Journal of Surgery, XXXI, 313, 1944. 

The lot of the wounded man in this war is better than that of his father. His suffering has been min- 
imized and his chances of useful survival are greater. The soldier of today is a more physically-fit man, and 
he fights under better conditions. The chances of relief of hemorrhage and shock by blood and plasma are 
better and the sulfonamides have reduced the dangers from infection. Methods of immobilization are better 
and so are the methods of transport. 

It is impossible to reduce the surgery of modern warfare to a system. Each military enterprise is a fresh 
surgical problem. Local factors— such as the time-lag in reception, the equipment of the unit, and the con- 
ditions of evacuation — will modify any set of general principles which are laid down. 

First-class surgery can be done under very simple conditions, provided the wounded man can be placed 
in the care of competent surgeons without delay.— Ernesi il/. Daland, ]\[.D., Boston, Massachusetts. 

Studies in the Pathology of Human “Immersion Foot”. W. Blackwood. The British Journal of 

Surgery, XXXI, 329, 1944. 

Pathological material from fourteen cases of immersion foot has been studied. The article is illustrated 
by many photographs (some in color) and photomicrogmphs. 

“A histological study of tissues from cases of immereion foot showed that damage was done to all tissues 
in the extremity. Blood vessels, muscles, nerve trunks, and bone were particularly examined. The relative 
severity of injury to the tissues varied, being most severe in nerves and muscles. Material from earlj’^ sur- 
vivors was not available, but it is likely that the early histological reactions are similar to those seen in the 
experimental animal. There was evidence of restoration towards or to normal of tissues which had not been 
killed by the initial trauma. Nerve regeneration occurred and, though slow, did not appear to be grossly so; 
and denervated muscle returned to normal, provided that the delay was not so long that irreversible degenera- 
tion and fibrosis had ensued.” — Ernest M. Daland, M.D., Boston, I\Iassachusetts. 

Observations on the Regeneration of the Semilunar Cartilages in Man. I. S. Smillie. The British 

Journal of Surgery, XXXI, 398, 1944. 

Fourteen patients were submitted to a secondary operation after all or part of the semilunar cartilage 
had been removed. It was found that where the whole cartilage had been lumoved a new one of about the 
same shape and appearance had formed, but it was composed entirely of fibrous tissue. Replacement also 
occurred after partial removal of the meniscus, but the attachment of the new tissue to the old was a weak 
one, and the replacement was probably not as good as a total replacement. 

In five cases, injury was found in the replaced cartilage, but in every case it was found that there had 
also been previous injury to the cruciate or collateral ligaments, with a resulting unstable knee joint sub- 
jecting the new meniscus to undue strain. — Ernest M. Daland, il/.Z?., Boston, Massachusetts. 

El Procedimiento de Quesada en el Tratamiento de las fractuhas diafisarias, irreductibles for 

TRATAAiiENTOs iNCRUENTOs (Quesada’s Method of Treatment of Diaphj'seal Fractures, Irreducible by 

Closed Methods). Salvador de Lara. Cirugia y Cirujanos, XII, 179, 1944. 

A description of the apparatus of Piof. Quesada is given by de Lara. This apparatus is used for the 
treatment of irreducible fractures of the shafts of the long bones. It consists of a plaster cast with an open 
metal frame over the area of the fracture. The usual methods of manipulation under anaesthesia and of 
traction are employed. If these are unsuccessful, open reduction is carried out through the open part of 
the Quesada apparatus. No internal fixation of the bones is used. The periosteum is careful!}' sutured. 
De Lara is opposed to the use of internal metallic fixation, because he believes that it produces trophic 
changes, dela 3 's heahng, interferes with local circulation, and sometimes causes infection. The method of 
Quesada disturbs the physiology of the healing bone very little. Secondaiy displacements of the fragments 
are rarely seen with this method. The indications for this procedure are given as follows: 

1. When it is not possible to obtain bloodless reduction manually; 

2. B'^hen reduction cannot be maintained, because of deficient contact of the fragments; 

3. IVhen the fragments show jagged edges or teeth which prevent proper contact in the transverse 
plane; 

4. Bffien there is interposition of the soft parts; 

5. IVlien bone-grafting seems necessary; 

6. In compound fractures. 

The technique consists of immobilization in the Quesada apparatus for six to twelve da 3 's. Reduction 
is then carried out through the window of the apparatus. The periosteum is sutia-ed and the soft parts are 
repaired. Traction is applied, when necessar}' to prevent bowing. Surgical intervention is thus carried out 
after an}' hemorrhage has been absorbed. Occasional!}' catgut or kangaroo tendon is required in oblique 
fractures. Sometimes in transverse fractures, one or two teeth are made in the ends to maintain reduction. 
The plaster is usually removed about nine da 3 's after the operation, and the limb is put in a protective plaster 
until the fracture is solid.— /o/in G. Kuhns, M.D., Boston, Massachusetts. 
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El Met'odo Fexestu.vdo para el E.vcla-nrjaxiiexto de las Fractukas del Cuello del Feuttr (The 

Fenestration Method of Nailing Fractures of the Femoral Neck). Eduardo Alcivar Elizalde. El 

Dia Mldico, XVI, 554, 1944. 

Fractures of the femoral neck may be dinded into three classes: 

1. Cer\dcotrochanteric, 

2. Transcer\ical, 

3. Subcapital. 

The method of Vdiitman gives excellent results in the treatment of fractures of the first group. It has 
markedlj' improved the results in the other classes bj' reducing the number of pseudarthroses. To mini- 
mize this tendency toward pseudarthrosis Lambotte suggested, and Delbet subsequently modified, the 
method of holding the cer\'ical fragments together ndth a screw. Subsequently Smith-Petersen recom- 
mended the use of the flanged nail, instead of the screw. It is this method which the author employ’s. 

However, he notes that nailing, whether by the open method or the closed, necessitates trained per- 
sonnel and specialized equipment which is not always available. .To offset this difficulty, the author rec- 
ommends a combination method which he calls the fenestration method. 

The first part of the procedure consists in reduction of the fracture and immobilization in a VTiitman 
plaster. A roentgenogram is then made. If the reduction is deemed satisfactorj', a window thirtj’ bj^ fif- 
teen centimeters is cut in the cast, and a Smith-Petersen nail is inserted over a Kirschner-wire guide. At 
the end of two weeks, the cast is shortened, so as to permit greater motion in bed. A month and a half after 
operation, the long plaster is removed, a short spica is applied, and the patient is permitted to walk about 
vith the aid of crutches. At the end of tliree months, the patient walks without plaster, but with the aid 
of a cane. At the end of five months, the nail ma 3 ' be removed, if the roentgenogram shows bon 5 ' trabecula- 
tion across the site of fracture.— Henry Milch, M.D., New York, N. Y. 


CoiipRESsiox or Se\'EN-th Cervic.al Nerto Root by Herxi.ation of ax IxxERraRTEBRAL Disk. Paul 
C. Bucj’ and Harv'ej' Chenault. The Journal of the American Medical Association, CXXVI, 26, 1944. 
The authors have re\iewed the literature on herniated intervertebral discs. Thej' report in detail a 
case with paraesthesia in the thumb, index and middle fingers of the right hand, which extended up the radial 
aspect of the forearm; with mild weakness in the right triceps but without difference in the triceps reflex; 
without motor weakness in the right hand, but with hj'palgesia, hj-paesthesia, and hj-pothermesia over the 
right thumb and index and middle fingers, and on the radial border of the forearm. A diagnosis of herniated 
disc between the si.xth and seventh ceiwical vertebrae compressing the right seventh cerxical nerv'e root was 
made, and was confirmed at operation. Removal of the herniated portion resultedin relief ofthes 3 ’mptoms. — 

Joseph H. Reno, M.D., Dallas, Texas. 


Fr.xcture OF THE Base OF THE Thumb. A New Method of Fixatiox. Eric C. Johnson. The Journal of 
the American Medical Association, CXXiT, 27, 1944. 

The author reports two cases of Bennett’s fracture of the base of the first metacarpal, in which fixation 
of the fragments was carried out, after manual reduction, b 3 ' Kirschner wires and a plaster cast. The wires 
w-ere passed through the thumb and second metacarpal after reduction b 3 ' traction; a cast was then applied. 
Such immobilization for six to eight weeks 3 ielded an excellent result in each case. — Brandon Carrell, 
M.D., Dallas, Texas. 


Hemorrhagic Complicatioxs, with Death Probably froxi Salicylate Therapy. C. T. Ashworth 
and J. F. McKemie. The Journal of the American Medical Association, CXX^T, 806, 1944. 

Two case reports of patients receiving salic 3 iate therap 3 ' are presented, — one, a woman, twent 3 ' 3 -ears of 
age, who received 150 grains of sodium salic 3 iate daiR- for sex-en da 3 -s ; the other, a bo 3 ', four months old, who 
received fifteen grains of acetylsalic 3 iic acid in two da 3 -s. In both ca.=es, hyperpnea, hx-perp 3 Texia, and con- 
X'ulsions preceded coma, followed b 3 ' death. The outstanding findings at autops 3 - were: hemorrhagic 
changes, widespread over the whole body but particular^' inx-olxing the brain, and severe widespread In-- 
peraemia. The explanation of these findings is probably a combination of capillar 3 - damage and In-popro- 
thrombinaemia produced b 3 ' the salic 3 iates. The literature upon such effects b 3 - salic 3 -lates is rexiewed. 
Vitamin Iv is urged as supplemental therap 3 - when large doses of salic 3 ’lates are used. J . H. Reno, M.D., 
Dallas, Texas. 


The Effect of Pexicillix ox Rheumatoid .Arthritis. Edward IV. Boland. Nathan E. Headley, and 
Philip S. Hench. The Journal of the American Medical Association, CXXVI. 820, 1944. 

Largo doses of penicillin were given to ten soldiers, with prox-ed early and progressive rheumatoid arthri- 
tis, wiio did not have irrox-ersible changes (destruction of cartilage and subchondral Ixme. or notable flexion 
deformitie.s). The dosage of penicillin, gix-en intramuscularb’. w'a.^ from 120.000 to 320.000 unit.-^ dailx- for 
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from fourteen to twenty days. There was no definite improvement as measured by laboratory tests. 
There was no significant improvement in tlie sedimentation rates or in the comparative leukocyte counts on 
synovial fluid, made before and after treatment. In seven of the ten cases, there was no significant subjective 
or objective improvement. One patient felt worse, but objectively was unchanged. Another felt better, 
but there was no definite objective improvement. The remaining patient had moderate subjective and 
objective improvement in some of the affected joints; the sedimentation rate increased slightly during treat- 
ment; but he was neither cured nor decidedly improved. The authors decided that their results offered no 
support to the idea that hemolytic streptococci are etiologically related to the disease; that it is not caused by 
anj^ of the bacteria which are already knovm to be rapidly affected by penicillin; and that penicillin trials in 
treatment of rheumatoid arthritis should be deferred until the drug becomes much more plentiful. — H. H. 
Becl'ering, M.D., Dallas, Texas. 

CosiPRESsiON Fracture Resulting from Accidental Stimulation of Carotid Sinus. Charles U. 

Hauser. The Journal of the American hlcdieal Association, CXXIH, 1029, 1944. 

During the application of a forearm cast, while seated upon a stool, a patient fainted and his head 
slumped forward against his moderately tight neck band. A strong convulsion immediatelj’^ gripped him, 
causing his back to flex sharply vith all his flexors tightening in a tetanic spasm for a few seconds. He 
M'as then laid upon an examining table where he remained unconscious for the next five minutes. Subsequent 
roentgenograms of the spine revealed compression fractures of the eleventh and twelfth thoracip vertebrae, 
resulting in about 25 per cent, reduction in the width of the anterior portion of the bodies. 

Several factors contributed to the convulsion. The right carotid sinus was found to be hyperirritable. 
The normal, fasting blood sugar level was 93 milligrams. Fatigue from several sleepless nights, apprehension 
over a flexion strain of the wrist, pain in the wrist, and the usual hospital aroma, added to the low glucose 
level, helped to lower the threshold for stimulation of the normally hjqiersensitive carotid sinus. 

Although convulsions from stimulation of a hyperirritable carotid sinus are rare, this case serves to 
point out the importance of treating a patient in a horizontal position. This should interest those surgeons 
who may use compression of the neck in various diagnostic manoeuvres. — D. K. Barnes, M.D., Dallas, Texas. 

Growth Arrests for Equalizing Leg Lengths. J. Warren White and Sam G. Stubbins, Jr. The Journal 

of the American Medical Association, CXXVI, 1146, 1944. 

The authors present this paper to popularize a simple surgical procedure which thej’- have found to be 
of great value in solving the problem when in children one leg is enough shorter than the other to produce 
immediate or probable future disability. The TWiite method of epiphyseodiaphyseal fusion is presented in 
detail, and those interested in a review of this should consult the original article. The differences from 
the better knovm Phemister method are pointed out. This is, in effect, a ten-year report of the White 
method. A useful method of graphically recording the discrepancy in the length of the lower extremities is 
presented which is very feasible, and this article should be studied for the details. Growth in the lower 
extremities of boys is stated to cease at seventeen years of age and in girls one year earlier. AVhite feels that 
growth arrest of the distal femoral epiphysis would retard the gro\rth of that extremity at the rate of three- 
eighths of an inch per jmar; at the proximal end of the tibia and fibula the rate of retardation is a quarter of 
an inch. These figures for calculations have not been faulty in ten years’ experience with 149 cases. 

The operation should be performed largely on those children in whom, at the age of ten or twelve, there 
exists upward of two inches of shortening. 

In the discussion of this paper. Dr. Hatcher points out that girls do not mature as regularly as boys do, 
and that they mature earlier. In general, epiphyseal arrests have no value in the female if menstruation has 
started, because after that time the girl will grow no more from the lower extremities; she will increase slightly 
in height from growth of the spine. — J. H. Reno, M.D., Dallas, Texas. 

Nerve Ligature for Prevention of Amputation Neuroma. M. A. Egorov. Khirurgiya, No. 4, 38, 

1944. 

The prevention of neuromata in amputation stumps is still a problem. The known methods are not 
entirely satisfactory. The author had occasion to observe satisfactory results obtained by one of his former 
assistants, who used a massive ligature applied to the neurovascular stump. Following this method, the 
author ligated the nerves in the amputation stumps of twenty-seven children. He also cites a similar pro- 
cedure in three amputations on adults. He emphasizes the comparative absence of phantom pain in the 
immediate postoperative period. Experimental ligations of the nerves were performed on fourteen dogs, and 
postoperative neuromata did not develop. 

The author recommends the use of silk ligatures, applied tightly and separately to each severed nerve.— 

E. Kaplan, M.D., New York, N. Y. 

Gunshot Wounds of the Joints. Khirurgiya,. No. 1, pages 2-82, 1944. 

This is a general review of the entire subject. The issue is of special interest because it contains thirteen 
articles on gunshot wounds of the joints, and their management at the forward battlefront area, in base hos- 
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pital";, and in the rear. It encompasses experience fiom a large numbei of cases The predominating opin- 
ion of most of the authors is that gunshot w otinds of joints, especial!}^ of the hip joint, require early radical 
operations, including resections and even disai ticulations 
The followang is a list of ai tides m the issue 

On Gunshot Wounds of Articulations and Then Treatment V 

Pathological Anatomy of Gunshot Wounds of the Knee Joint P 

The Treatment of Gunshot Wounds of Laige Joints E 

On Joint Resections Followang Gunshot Wounds, Based on Cases from Evacuation Hospi- 
tals of the Deep Rear A 

Gunshot Wounds of the Elbow Joint A 

On the Problem of Gunshot Coxitis M 

Gunshot Wounds of the Hip Joint T 

Hip Disarticulation in Gunshot Wounds of the Lower Extremity N 

Gunshot Wounds of the Hip Joint and Their Treatment V 

On the Problem of Gunshot Wounds of the Knee Joint V 

On the Problem of the Treatment of Gunshot Wounds of the Knee Joint m a Front-Line 

Evacuation Hospital F F David 

Gunshot Wounds of the Knee Joint Complicated wath Pyarthrosis I S Vengerovsky 

Gunshot Wounds of the Foot and Ankle Joint B V Ognev 

E Kaplan, J/ D , New York, N Y 
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The Parxthtroid Glaxds axd Parathormone Alfred Pope and Joseph C Aub The New England 
Journal of Medicine, CCXXX, 698, 1944 

This is a comprehensix'e review of what is knowai about the parathj'roid glands and parathormone, and 
it IS accompanied by an extensive list of references The article is too extensive for abstracting, but it should 
be studied and filed for further reference The authors conclude that “the treatment of hj^ioparathy- 
^oidism has been rendered simple and effective and the surgical management of hj’perparathyroidism placed 
on a sound basis” — Paul P Swell, M D , Bloomfield, Conneclicul 

A Toxic Factor in Experimental Traumatic Shock Joseph C Aub The New England Journal of 
Medicine, CCXXXI, 71 1944 

The study of traumatic shock in World War I indicated that the cause of the sjmdrome was an uniso- 
lated toxin Efforts to isolate this toxin w ere unsuccessful, and a reaction against the theorj' marked the 
period between the two wars This was furthered by Blalock’s and Phemister’s convincing studies which 
show ed the r61e of fluid lo»s in shock 

Because of the difference in appearance of both man and animals following bleeding and trauma, some- 
thing other than plasma loss seems to be involved In an effort to find this elusive factor, oedematous fluids 
from anoxic muscles were collected from expenmental animals, and it was found that, m spite of rigid asepsis, 
such fluids were infected Orgamsms of the gas-gangrene group were found m thirteen out of nineteen 
instances The higher the number of the organisms, the more toxic or shock-producing w ere the effect-- 
when the fluid was injected into animals This toxic factor seemed to be something other than the organisms, 
because the supernatant fluid was equally toxic, while the injections of the organisms alone resulted only in 
fever Considerable interest centers in the question as to whether clostndia are commonlj' present m mus- 
cles, or whether thej' are introduced at the time of the injurj’ In eighteen elective orthopaedic operations 
clostndia w ere not found, but it has been shown that more than 30 per cent of w ar w ounds are contaminated 
by clostndia The charactenstic slow onset of shock in the war wounded agrees wath the length of time re- 
quired for the growth of bactena and the formation of their toxins 

These experiments show the great importance of plasma loss in shock, and thej’ also show the importance 
of infection as a toxic factor Fortunatelj , methods are now available for alle\aatmg both plasma loss and 
infection — Paul P Swell, M D , Bloomfield, Conneclicul 

Pain and Disabilitv of Shoulder and Arm Due to Herniation of the Nucleus Pulposus of Cfri ical 
Interx ERTEBRAL DisKS Jost J Miclielsen and William J Mixter The New Englnnl Journal of 
Medicine, CCXXXI, 279, 1944 

Cord compression was formerly considered a diagnostic criterion in herniation of the cerxical di=cs,'it 
now seems likely that this feature w as overemphasized Root sj mptoms maj just as w ell occur liere as in the 
lumbar area Micholsen and Mixter found cord compression in six ca=es, while ncr\ e-root inaohement 
occurred m eight cases 

Eight cases which were operated upon, are reported in detail It is indicated that pain and disabiht\’of 
the shoulder and arm were prominent svmptoms There were Ie=ions at the fifth interspace in four cases at 
the sixth in three, and at the seventh in one The clinical d ita were brought together in a s\ ndrome that 
comprised root pain and local sensora and motor disturbances as well as positiae roontgcnographic and 
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cerebrospinal-fluid flndings. Tlie distriirution of the sensory abnormalities was compared with standard 
dermatome charts. Emphasis is given to the impoi'tance of a systematic neurological e.xamination in cases 
of pain and disability of the shoulder and arm. The removal of the disc fragments by laminectomy or 
subtotal hemilaminectomy gave good I'esults. ‘ The addition of this new entity to the long list of disorders 
which give rise to arm and shoulder signs and symptoms ought to bo a great help in the clarification 
of these perplc.xing problems. — Pmtl P. Swell, M.D., Bloomfield, Conncclicul. 

Use of Skeletal Traction in the Hand. Milton C. Cobey, Harvey C. Hansen, and Marion H. Morris. 

Soiilhern Medical Journal, XXXVII, 309, 1944. 

Skeletal traction is often more efficient than skin traction, and it is more comfortable. Considerably 
more pull can be obtained, and reduction is more accurate. A simple and convenient type of skeletal trac- 
tion is the ordinary surgical towel clip. Routine aseptic surgical technique is followed, with draping of the 
parts. A small skin incision is made, and the traction device is placed in the proximal end of the incision to 
prevent skin tension. Sterile dressings arc used about the clip, and are not to be disturbed until the fracture 
has united. Some type of fixation, corks or adhesive, may be employed to prevent to-and-fro excursions of 
the clip. Pull is e.xertcd in the longitudinal axis of the bone. The clip is inserted under local or general 
anaesthesia, the fracture is reduced, and traction is applied. This device is useful in fracture or dislocation 
of the thumb and of the metacarpals. After the clip has been inserted and dressed, a plaster cast with a 
banjo .splint for traction is applied. The clip is not used for fractures of the phalanges. The use of skeletal 
traction in fifty-nine cases is reported. — Fred G. Hodgson, il/.D., Atlanla, Georgia. 

Clinical Analysis of 1,000 Consecutive Cases of Low Back Pain. With Particular Reference to 

Sciatic Pain Caused by Extrusion of the Intervertebral Disc. Franklin Jelsma. Soulhern 

MedicalJournal, XXXVII, 372, 1944. 

It was found that 484 of 1,000 cases of low-back pain presented sufficient clinical findings to warrant a 
diagnosis of a probable herniated disc. Forty-seven other focal lesions were found, — such as, slight compres- 
sion fracture ‘of the bodies of the vertebrae, metastatic tumors, spina bifida occulta, spondylolisthesis, and 
sacralization of the fifth lumbar vertebra. In many cases, hypertrophic arthritic changes were found. 
Palliative measures were used in all cases so long as the patient improved. Operation was done in 150 cases. 
Only 26 per cent, of the patients did not give a history of injury. Ten patients had more than one disc 
injury. In 70 per cent., the lesions were located at the fifth lumbar vertebra, and in 25 per cent., at the 
fourth lumbar. In 6 per cent., no disc lesion was found. Results were good in 90 per cent., fair in 4.5 per 
cent., and unimproved in 1.5 per cent, (two cases). There were no deaths. The question of fusion was 
not discussed. — Fred G. Hodgson, M.D., Allanla, Georgia. 

Lantzounis Periosteo-Capsuloplasty for Congenital Dorsal Subluxation or Congenital Overlap 

OF Fifth Toe. Byron B. King. Soulhern Medical Jovrnal, XXXVII, 614, 1944. 

A simple operation is described to reduce and to maintain an overlapped or dorsally subluxated fifth toe. 

A dorsal incision is made over the metatarsophalangeal joint. The extensor digitorum longus tendon to the 
fifth toe is divided as far distally as possible. The periosteum and the capsule are stripped from the dorsal, 
medial, and lateral surfaces of the joint. A hole is bored just behind the head of the metatarsal; the extensor 
tendon is run through this, and is then sutured to itself under enough tension to raise the metatarsal head. 
The periosteum and capsule are folded under the joint and are fastened by a single figure-of-eight suture, 
which makes these tissues act as a bow-string ligament to hold the toe down in normal alignment. The 
wound is closed, and an adhesi.ve plaster dressing is all that is needed to hold the toe in place. — Fred G. 
Hodgson, M.D., Allanla, Georgia. 

Surgical Treatment of Osteomyelitis of the Epiphy'sis of the Humerus after Gunshot Fractures. 

G. Kh. Sarkisov. Sovelskaia Medicina, VI, 17, 1944. 

Gunshot injuries of the shoulder joint with destruction of the head of the humerus require a resection of 
the head before the possible development of osteomyelitis and pyarthrosis. Complete hemostasis must be 
obtained and the wound packed without complete closure. Only approximation of the wound edges is 
necessary. Closed plaster-of-Paris casts should be avoided. If there is a profuse discharge, the wound 
should be irrigated and sulfonamide therapy applied. Physiotherapy should be started only after complete 
closure of the wound. Resection of the slioulder joint may restore the shoulder to good use, and even permit 
the patient's return to limited combatant duty. — E. Kaplan, M.D., New York, N. Y. 

The Effect of Sex Hormones on Skeletal Metastases from Breast Cancer. J. H. Fari'ow. Surgery, 

XVI, 141, 1944. 

Farrow has reviewed the findings upon which the use of sex hormones in the treatment of skeletal me- 
tastases has been based. Statistical evidence of the benefit of castration in the treatment of skeletal me- 
tastases has not been too encouraging. Approximately one-third of the patients in the premenopausc period 
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were benefited by this procedure. Apiiroximatcly one-half of the patients treated bj' means of testosterone 
showed e\'idence of clinical and roentgenographic improvement On the other hand, the administration 
of large doses of the sjmthetic androgens tended to increase ratlier than inhibit the activity of skeletal 
metastases. 

The author reported treatment of a case of carcinoma of the breast, in which there were widespread 
skeletal metastases, bj' means of bilateral orchidectomy. There was almost immediate relief of symptoms, 
and regression of both local and osseous metastases. Farrow hazards the opinion that this improvement will 
probably be temporary, although the results this far are encouraging. — Edward L. Compere, M.D., Chicago, 
Illinois. 

Leo.\ti.\sis Osse.\ Complicated bv Marjolin’s Ulcer. Observation of a Case for Tweli^e Years. 

R. E. Burger and E. P. Lehman. Surgery, XVI, 542, 1944. 

Unusual pathological conditions should be studied and then reported for the benefit of the medical pro- 
fession. This article b 3 ' Burger and Lehman reports the case of a patient with leontiasis ossea, whom they 
have obser\Td for twelve j'ears. 

The etiologj' of this rare condition is not known. The patient reported was twenty-eight j'ears of age 
when he developed an e.xtensive and painful swelling over the mandible, and a salivarj' fistula. Treatment 
consisted of surgical excision and x-raj’ therapy. Later the patient returned with a marked increase in the 
size of the tumor which was not sclerotic and involved the base of the skull and the upper cervical vertebrae. 
There was a large area of epidermoid carcinoma, with ulceration which was typical of Marjolin’s ulcer. 

— Edward L. Compere, il/.D., Chicago, Illinois. 

P.xNTOPAQUE. George M. Vtyatt and Roj' G. Spurling. Surgery, XVI, 561, 1944. 

Wj’att and Spurling have reviewed the observations on six patients at the Walter Reed General Hospital 
when pantopaque was used as a contrast medium for mj’elographj'. In their opinion, although there is 
definitelj’ some tissue reaction to pantopaque, the small amount of the material that is left permanently is of 
little consequence. Among the advantages of pantopaque is the fact that it is absorbed from the subarach- 
noid and the subdural spaces, and, since it is more fluid than the other contrast media, it fills smaller spaces 
and makes diagnostic myelography more accurate. — Edward L. Compere, M.D., Chicago, Illinois. 

Ax Analysis of the More I.mportant Orthopedic Information. Presented at the Twelve Regional 

Fracture Orthopedic Conferences of the Army Air Forces. Sponsored by the Air Surgeon 

Oct. 18 to Xov. 27, 1943. Alfred R. Shands, Jr. Surgery, XVI, 569, 1944. 

Colonel Shands has again demonstrated his remarkabty acute powers of observation and ability to co- 
ordinate information in this analysis of orthopaedic information which was presented at a series of regional 
fracture conferences of the Army Air Forces. In the twelve conferences, 196 papers were presented. 

The material presented has been divided into anatomical groups. Shands has anatyzed the methods and 
results of treatment of fractures and dislocations about the shoulder in part one; fractures and dislocations of 
the arm, forearm, and the elbow in part two; fractures and dislocations of the hand and the wrist in part 
three; fractures and dislocations of the hip, the thigh, and the knee in part four; fractures and dislocations of 
the leg and the ankle in part five; fractures and dislocations of the foot and the toes, part six; fractures and 
dislocations of the spine and the pelvis, part seven; compound fractures, part eight; conditions involving the 
back, part nine; conditions involving the knee, part ten; conditions invohdng the foot, part eleven. 

After reviewing the material which was discussed, he has added a comment in which he expresses his own 
opinion and suggestions. This material is extremety interesting and instructive. It is ahead}’ so condensed 
that it is impossible to attempt to abstract the paper itself. Every physician who is concerned with the 
problems of either traumatic surgery or the more ever}’day complaints of backache or painful feet, should 
avail himself of the opportunity of reading and studying the material which is presented in this excellent 
article. — Edward L. Compere, M.D., Chicago, Illinois. 

Fractures of the Carpal Scaphoid in the Canadian Army. J. C. Dickison and J. G. Shannon. Surgery, 

Gynecology and Obstetrics, LXXIX, 225, 1944. 

This is a study based on 257 cases of carpal scaphoid injuries collected from the Canadian Army oversea'- 
in a three-year period. 

Union occurred in all cases of simple fresh waist fractures in twelve and a half weeks. Of six waist frac- 
tures OTth displacement of fragments, two united and four did not. In simple fresh proximal pole fractures 
diagnosed early, twenty weeks were required for union, the relative incidence of non-union was higher, and 
avascular necrosis was more prevalent. 

No matter how astute the medical profession may become in the early diagnosis pf fractured scaphoids. 
the late cases will always be present. So-called “sprained wrists” with roentgenograms negative for fracture 
should always be re-examined roentgenographically in two to three weeks. .4mong the late ca^e.- it was 
interesting to note that no fracture united in which diagnosis w.ts made later than nine months after injur}-, 
and also that the fractures in which immobilization was continued for the longest periods without succe-s 
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gave the poorest results. Tlie late cases were treated by immobilization, by operation, or received no treat- 
ment, depending upon the judgment of the attending surgeons. How to obtain union consistently in the.se 
fractures, diagnosed so late, is still an unsolved problem. In severe disability, wrist fusion is still the last 
resort for the surgeon. — Carroll B. Larson, M.D., Boston, I\fassachiisclls. 

pEKinuNAR Dislocation of the Carpal Bones and Dislocation of the Lunate Bone. W. Russell 

MacAusland. Snrgcrtj, Gynecology and Obstetrics, LXXIX, 25G, 1944. 

The purpose of this writer was threefold: (1) to emphasize again the importance of early diagnosis and 
treatment, (2) to describe in simple form the dislocations which concern the lunate bone, and (3) to present 
• the observation and results in a series of twenty-four cases. There is general agreement that immediate 
manipulative reduction is the treatment of choice in fresh dislocations, — that is, in those less than two weeks 
old. Operative intervention is indicated (1) in fresh dislocations where there is a great deal of damage to the 
joint structures or to the median nerve, and (2) in cases of more than two weeks’ standing. Operative re- 
placement should not be attempted in a case of more than six weeks’ standing. 

A detailed end-result analysis is given in nineteen cases, and it was concluded that early manipulative 
treatment gave excellent results. Excision of the lunate, on the whole, resulted in a useful wrist. The 
majority of patients complained of weakness of the hand, and were unable to make a tight fist. Dislocations 
of the lunate of more than six weeks’ standing are best treated by opei'ative excision. The author states that 
the series fails to provide sufficient material on operative reductions to permit judging the relative value of 
operative replacement and excision of the bone. — Carroll B. Larson, M.D., Boston, Massaclnisctts. 

The R6le of the Nucleus Pulposus in the Pathogenesis of So Called “Recoil” Injuries of the 

Spinal Cord, Fritz Cramer and Francis J. McGowan. Surgery, Gynecology and Obstetrics, LXXIX, 

516, 1944. 

The authors have used the evidence available in one case of cord injury to present a new concept in the 
pathogenesis of lesions of the spinal cord, where no associated bone or ligamentous discontinuity is demonstra- 
ble. They believe that a violent protrusion of the intervertebral disc, by means of the hydraulic ramlike 
action of the nucleus pulposus when subjected to intense compressive force, causes the damage to the spinal 
cord. Autopsy findings in the one case showed the cord almost severed at a level directly opposite a sharp 
protrusion of the fifth cervical disc, while no abnormal vertebral protrusion, nor gross tearing of any posterior 
ligaments could be demonstrated. — Carroll B. Larson, il/.D., Boston, hlassaclnisctts. 

Total and Partial Patellectomy. Bernard N. E. Cohn. Surgery, Gynecology and Obstetrics, LXXIX, 

526, 1944. 

This was a well organized and controlled experimental study of total and partial patellectomy, performed 
on normal healthy rabbits. The results quite conclusively showed that total patellectomj^ in either adult or 
immature rabbits, caused early degenerative changes of the tibiofemoral articulation, most marked in the 
adult rabbits. Partial patellectomy produced early degenerative changes of the femoral condyles in adult 
rabbits, but not in younger animals. In no case of total or partial patellectomy of adult or immature rabbits 
was there any clinical aberration of function. These facts led the author to conclude that total patellectomy 
should be undertaken in humans only when such procedure cannot be avoided. — Carroll B. Larson, M.D.r 
Boston, Massachusetts. 

Herniation of Muscles of the Legs. H. C. Goldberg and G. AV. Comstock. IFar Medicine, V, 365, 1944. 

This paper presents a brief review and discussion of the question of various kinds of hernias. The au- 
thors have classified hernias in general into two groups: those which are produced as a result of a congenital 
defect, and those which occur secondary to extensive pressure or atrophy, due to occupation or age. Muscle 
hernias may be constitutional or traumatic. Serious illness, local ulceration, or hypertrophy of muscles may 
be factors in the production of this entity. Most muscle hernias, however, result from sudden violence, and 
must be differentiated from lipoma, hematoma, tuberculosis, varices, and what the authors call “pseudo- 
hernia”. 

■ One diagnostic characteristic of muscle hernias is the fact that they can be reduced through the fascial 
defect and vdll disappear when the muscle contracts, while in the pseudohernia or ruptui e of the muscle, the 
bulge may become larger. Muscle hernias also tend to disappear on passive extension, a finding which is not 
present in thrombophlebitis and varicose veins. 

The symptoms of muscle hernias include pain at the site of the lumps, associated with use of the muscles, 
and there maj’’ also be tenderness after exercise. The authors repoi-t one case and advise closure with a strii> 
of fascia lata. — Edward L. Compere, M.D., Chicago, Illinois. 
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THE TREATMENT OF MALUNITED COLLES’S FRACTURES * 

BY J. S. SPEED, M.D., AND ROBERT A. KNIGHT, M.D., MEMPHIS, TENNESSEE 
From the Willis C. Campbell Clinic, Memphis 

Surgical intervention is not required in all malunited Colles’s fractures, especially in 
the milder cases. In a typical malunion of mild degree, there is a slight shortening of the 
radius with a mild dorsal angulation of the distal radial articular surface, but there is no 
derangement or involvement of the distal radio-ulnar joint. Patients will usually develop 
a painless, strong, useful hand and wrist, if adequate physical therapy is given, and if 
persistent active use of the part is continued. 

Patients with malunited fractures accompanied by marked osteoporosis, fibrosis of 
the fingers and hand, and associated trophic changes of appreciable degree, are not satis- 
factory candidates for corrective surgery, and should have intense and prolonged physical 
therapy before any surgery is done. Otherwise, the patient will be unable to make use of 
the functional -improvement which may be afforded by the correction of the malunion. It 
is only after the stiffness and pain have largely disappeared and the trophic and circulatory 
conditions have improved that simgery can be safely etaployed. 

It should be kept in mind that, after a period of two weeks or more has elapsed fol- 
lowing the fresh fractime, the use of manipulation alone to improve position of the fracture 
is not wise. In such a case, especially if the patient is elderly and osteoporosis is present, 
there is danger that manipulation will further comminute the fragments and fail to break 
up the impaction. 

OPERATIVE CORRECTION OF MALUNION 

In a study of sixty cases of malunited Colles’s fracture in which surgical procedures 
have been employed, it is evident that no one type of corrective procedure is applicable 
in all instances. The type of procedure employed varies with the type of deformity and 
the degree of displacement. The objectives to be obtained by surgical correction are: 
(1) restoration of the part to as near its normal anatomy as possible; (2) improvement 
in the function of the part by compensatory procedures, such as resection of the distal 
end of the ulna; and (3) improvement in the appearance of the wrist itself. 

SURGICAL APPROACH 

In the earlier cases included in this study, the radial (lateral) approach to the distal 
. end of the radius was employed. However, the dorsal approach is more satisfactorj', be- 

* Prepared for presentation at the Meeting of The .American Academy of Orthopaedic Surgeons, 
January 1945, which was canceled in compliance with the request of the Office of Defense Transporta- 
tion. 
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cause the fracture site is more easily exposed, and a more complete and direct view of 
the fracture is thus obtained. The approacli is made in a longitudinal direction in line 
with Lister’s tubercle, and usually extends for a distance of two to three inches (5 to 8 
centimeters) . It should be of adequate length, because a short exposure, even though it 
may be more satisfactory cosmetically, entails more vigorous retraction during the opera- 
tion, and thus a greater local postoperative reaction ensues. The incision is extended 
through the deep fascia, and is carried down laterally between the extensores carpi radi- 
alis longus and brevis and the extensor pollicis brevis, and medially between the exten- 
sores pollicis longus and digitorum communis. Care is taken to avoid injury to the tendons 
and to expose the bone subperiosteally. 

If excision of the ulna is indicated, a medial longitudinal approach is employed with 
subperiosteal exposure of the distal one to one and one-fourth inches of the ulna. The 
distal end of the ulna, including the styloid process, is excised by using bone-biting 
forceps, small rongeurs, and small, sharp osteotomes. 



Fig. 1-A Fig. 1-B 


Fig. 1-A: Mrs. J. C. R., No. 41182, Malunited Colles’s fracture, with good functional but poor cos- 
metic result. 

Fig. 1-B: Radial deformity corrected by ulnar graft, wedged into radial osteotomy site. Prominent 
portion of ulna was removed for cosmetic reasons and used as graft. 



Fig. 2-A Fig. 2-B 

Fig. 2-A: Mr. L. A. L., No. 57648. Unstable compound Colles’s fracture with delayed union in mal- 
position. 

Fig. 2-B: Result one year after operation. Lower end of ulna was resected, permitting reduction of 
radial displacement; homogenous bone peg was used for stability of radial fracture. Excellent func- 
tional result; with exostosis, but not synostosis, of ulna. 


THE JOURNAL OF BONE AND JOINT SURGERT 




THE TREATMENT OF MALTJNITED COLLES S FBACTUBES 


363 


SELECTION OF THE PBOPEB OPERATH'E PROCEDUBE 

Group 1 

This group includes those cases in -n-hich the deformity consists chiefly of some dorsal 
tilting of the distal articular surface of the radius, associated with little or no radial 
shortening, and with no appreciable involvement of the distal radio-ulnar joint. Such 
fractures have usually been treated by a simple osteotomy of the radius without internal 
fixation. This procedure does not correct any abnormality in the relationship of the in- 
ferior radio-ulnar joint and, if such a disturbance is present, the procedure is inadequate. 
In this series, twenty-three such operations were done with satisfactory results in most 
instances, though there was partial recurrence of the deformity in approximately 20 per 
cent, of the cases. Recurrence took place during the period of immobilization, but in 
most of the cases in which it occurred, the recurrence was not of sufiicient degree to impair 
the final result. In some instances, in addition to the radial osteotomy, the prominent 
medial portion of the ulnar head was removed for cosmetic reasons, without interfering in 
any way with the stability of .the wrist. 

Group 2 

In those cases of malunion with broadening of the wrist due to radial shortening and 
associated prominence of the ulnar head, the procedure described by Campbell ^ has been 
used with good results (Figs. 1-A and 1-B) . It consists of an osteotomy of the malunited 
radius at the old fracture site, a resected oblique portion of the prominent ulnar head 
being utilized as a graft to maintain reduction of the fracture. The removal of the promi- 
nent portion of the head of the ulna, in addition to furnishing bone for a graft, also serves 
to decrease the broadening of the wrist. Improvement from a cosmetic standpoint results, 
but radial length has not always been completely restored by this procedure. 

Group S 

In many cases of malunion there is a more severe deformity than can be adequately 
corrected by either of the above procedures, and in such instances the use of a homoge- 
nous or autogenous intramedullary bone peg® for maintenance of the reduction of the 
osteotomized radial fragments ha's proved satisfactory (Figs. 2-A and 2-B). It should be 
stressed, however, that an intact, or at least satisfactory, distal radial surface is essential. 
When there is marked osteoporosis of the distal radial fragment, the use of the bone peg 
as internal fixation has been, in our hands, the only practical means of maintaining re- 



Fig. 3-A Fig. 3-B 

Fig. 3-A; Mrs. J. M. H., No. 50351. Malunited Colies’s fracture with marked deformity and moder- 
ate osteoporosis. 

Fig. 3-B: Reduction was stabilized by use of homogenous bone peg. Excellent result nine months after 
operation, but excision of lower end of ulna may be necessary later. 
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duction of the fracture (Figs. 3-A and 3-B). This procedure has also been found usefu 
in fresh and malunited reversed Colics’s fractures, and fractures of the radial styloic 
with dorsal subluxation of the carpus. The bone peg acts as an internal strut to maintair 
the correction of the radial shortening and the dorsal angulation of the radial articulai 
surface during the period of consolidation. If indicated, the lower end of the ulna car 
be excised, and the excised portion of the ulna can be used as a graft to fill in the defeci 
at the site of the radial osteotomy, thereby making the radial fixation still more stable 
The details of the procedure are as follows: A small bone peg (about % by %(; bj 
1% to 2 inches in size) is inserted obliquely through the osteotomy site into the medullarj 
cavity of the proximal radial fragment, and on tlrrough an oblique drill hole in the media 
(ulnar) aspect of the radial shaft for a sufficient distance to permit reduction of the radia 
fracture. Then, after the fracture has been reduced satisfactorily under direct vision, th( 
bone peg is tapped back into the shaft of the radius across the fracture site and well intc 



Fio. 4-A Fig. 4-B 

Fig. 4-A: Mr. D. R., No. 57966. Malunion of oblique comminuted Colles's fracture, with radial short- 
ening and ulnar prominence. Marked inferior radio-ulnar displacement. 

Fig. 4-B : Result after step-cut osteotomy to gain radial length, and resection of lower end of ulna to 
correct discrepancy in length of radius and ulna. Resected portion of ulna was used as dorsal radial graft. 



Fig. 5-A Fig. 5-B Fig. 5-C 

Fig. 5-A: Mr. W. D. S., No. 50450. Non-union of Colles’s fracture in malposition with marked radial 
shortening, following open reduction elsewhere. 

Fig. 5-B : Dual bone graft employed because of osteoporosis of distal radial fragment. Lower end of 
ulna was resected. 

Fig. 5-C ; Good functional result nine months after operation. 
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the distal radial fragment, thereby stabilizing the reduction. Any excess portion of the 
proximal end of the peg is removed flush with the shaft of the radius. 

Group 4- The Use of Onlay Grafts: 

In one case in this series, internal fixation by means of an intramedullary bone peg 
did not prevent recurrence of the deformity following osteotomy. In this instance the 
problem was solved by utilizing a portion of the resected distal end of the ulna as a dorsal 
onlay graft, the graft being fixed by two vitallium screws. The result following this 
procedure has been quite satisfactory from both a functional and cosmetic standpoint. 
Similarly a second case of malunion, without previous operation, has been successfully 
treated (Figs. 4-A and 4-B). 

In another instance a dual graft was applied (Figs. 5-A, 5-B, and 5-C) . This type of 
fixation was indicated because of loss of bone substance with resulting non-union follow- 
ing an operation elsewhere. A solid union with an almost normal wrist resulted from the 
dual onlay graft. The pincers effect of the dual graft made possible the grasping of the 
distal osteoporotic fragment, and gave stability which could not otherwise have been 
obtained. 

Group 5. Arthrodesis : 

There are certain cases of severe malunion with marked deformity, where the radial 
fracture is situated close to the articular surface, and where there is marked osteoporosis 
or severe comminution of the distal radial fragment (Figs. 6-A and 6-B) . In these cases 
it is apparent that a satisfactory movable wrist cannot be obtained, and wrist fusion is 
the logical solution to the problem. Usually resection of the distal end of the ulna is also 
necessary, because of the associated radio-ulnar disproportion and the inferior radio-ulnar 
traumatic arthritis which develops if the malunion is of long standing. The resected por- 
tion of the ulna can be utilized as a graft to aid in fusion of the radiocarpal articulation. 

It should be kept in mind that it is not always possible to determine before operation 
whether an attempt at reconstruction should be made, or whether a wrist fusion should 
be done. This is well illustrated in the following case: 

A man, thirty-three years old, was referred to the Climc with severe bilateral Colles’s fracture of 
six weeks’ duration. At the time of operation it was felt that an attempt to obtain a movable wrist on 
the right was feasible, with a reasonable expectancy of a good functional result (Fig. 7-A). To date the 



A’ J.U. 

Uc. 6-A: Mr. W. K., No. 40540 Malumted Colles’s fracture after failure of reconstructu e procedure 
Fig 6-B; Result six 'months after fusion of wrist. Function was much improved, despite insufficient 
fesection of ulna. 


'OL XXVII, NO. 3, JULT 1045 



366 


J. S. SPEED AND R. A. KNIGHT 


result is quite satisfactory, though at some future time it may be necessary to fuse the wrist, if sufficient 
traumatic arthritis develops. On the left (Fig. 7-B), the extensive comminution of the radial articular 
surface necessitated a fusion, and in this case a portion of the resected ulna was used as a dorsal graft. 

Group 6. Resection of the Distal End of the Ulna: 

In some cases which may be classified under the heading of malunion, the chief source 
of disability is an inferior radio-ulnar traumatic arthritis, following a long-standing 
derangement of this joint (Figs. 8-A and 8-B), or following an incompletely reduced 
radial fracture which enters into the joint. If the reduction of the radial fracture is satis- 
factory, and the traumatic arthritis is the major source of disability, resection of the distal 
end of the ulna will suffice. This is a simple procedure, the postoperative disability is 



Fia. 7-A 



Fig. 7-B 


This case illustrates the impossibility of determining preoperatively in every instance the exact type 
of leconstructive procedure which should be employed. The final decision frequently must be made at 
the time of operation. In this case, a reconstruction operation was accomplished in one wrist with a 
satisfactoiy functional result, while in the other, fusion was necessaiy. 

Fig. 7-A: Mr. F. J. F., No. 61158. Right wrist; Reconstruction was possible with a reasonable expec- 
tation of obtaining a satisfactory functional result; however, subsequent traumatic arthritis may even- 
tually necessitate fusion of the wrist. Result is satisfactory to date. 

Fig. 7-B; Left wrist: Extensive comminution of the distal radial fragment necessitated primary 
wrist fusion, the resected portion of the ulna being used as a graft. 
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slight and of short duration, and 
the end result following the use 
of this procedure in properlj'' se- 
lected cases is gratifying. 

The possibility of reformation 
of the ulna after subperiosteal re- 
section should be kept in mind, 
especially in the case of young 
adults and children. In these pa- 
tients it is wise to excise the ulna 
extraperiosteally, since such bone 
reformation has occurred in some 
instances. In older adults and in 
the aged, this precaution has not 
been found necessary. 

Postoperative Care 

The postoperative care fol- 
lowing surgical correction of a 
malunited Colles’s fracture is 
quite similar to the postreduction 
care of a fresh fracture. One must 
not be’ satisfied with an unstable 
reduction for, not infrequently, re- 
currence of the deformity will take place in such cases. It is for this reason that the use 
of some form of internal fixation, whether a bone peg or an onlay graft, is advocated in 
all but the simplest of malunions. 

Immobilization of the wrist should be maintained until union is complete, both clini- 
cally and roentgenographically, for. otherwise recurrence of the deformity must be 
anticipated. 



Jf’iG. 8-A Pig. 8-B 

Fig 8-A: Mr. 0. R , No 59369. Old fracture of distal end 
of radius, with injury of inferior radio-ulnar articulation. 
Tliere was severe disability, due to pain in radio-ulnar joint. 

Fig. 8-B: Resection of distal end of ulna completely re- 
lieved pain and disability. 


CONCLUSIONS 

If malunion of a Colles’s fracture is present to any material degree, surgical recon- 
struction offers an excellent chance of improving the appearance and function of the wrist. 
No single type of treatment is applicable in all cases, but the procedure must be chosen 
for each case, depending upon the exact lesion present. 
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SURGICAL ANATOMY OF THE FLEXOR TENDONS OF THE WRIST 

BY EMANUEL B. KAPLAN, M.D., F.A.C.S., NEW YORK, N. Y. 

From the Department of Anatomy, College of Physicians and Surgeons, 

Columbia University, and^ the Hospital for Joint Diseases, Neiu York 

In surgery of the volar aspect of the wrist with its many tendons, the median nerve, 
and the two large arteries, precise knowledge of tlie relative position of these structures is 
important. 

Even the experienced surgeon may find it difficult to recognize these structures. No 
wonder that occasionally, on reoperation in this area for. previously performed sutures of 
tendons, the median nerve may be found united with a fle.vor tendon, the two having been 
erroneously sutured together. 

A review of textbooks of anatomy and sui’gical literature shows that there is no 
detailed description of the relative position of the tendons of the wrist. As an example, 
Lewis, in Gray’s Anatomy, in relation to these tendons, states only that the flexor digi- 
torum sublimis, passing beneath the transverse carpal ligament, forms two pairs of ten- 
dons, the superficial pair going to the middle and ring fingers, tlie deep pair to the inde.v 
and little fingers. There is no mention of the relation to the deep flexors or to the median 
nerve. 

The present study was undertaken in an effort to discover whether or not there is a 
constant surgical relation of the superficial and deep flexors of the fingers to the median 
nerve and to the flexors of the wrist. 

. Observations were made on fortj’- hands dissected by the writer, on sixty hands dis- 
sected by medical students during their regular instruction in the Department of Anat- 
omy of the College of Physicians and Surgeons, and also on wrists operated upon by the 
writer during the past five years. 

As a result of this, it became evident that there is a relatively constant relation 
between the tendons of the flexores sublimis and profundus to the index finger Avith the 
median nerve and with the tendon of the palmaris longus. This constant interrelation 
varies mostly in the presence of muscle or tendon anomalies. 

The purpose of this article is to show the commonly encountered relation and to 
describe the variations of the tendons and the nerve that are important from a surgical 
vieAvpoint, as found in the literature (Testut, Le Double), and as seen occasionally by 
the author. 

Anatomically the AAvist is not a well-defined region. It maj'’ arbitrarily be confined 
between two transA^erse planes, — the proximal plane passing through the tip of the styloid 
process of the ulna, perpendicular to the long axis of the forearm, and the distal plane 
passing through the tubercle of the scaphoid and a point just distal to the pisiform bone. 

In dissection from the Amlar surface to the deeper parts of the wrist, the superficial 
fascia first presents itself. Here are located the superficial veins, and the terminal 
branches of the medial antibrachial cutaneous nerve on the ulnar side, and the lateral 
antibrachial cutaneous nerve on the radial side. The palmar cutaneous branches of the 
radial, median, and ulnar nerves are seen emerging through the deep fascia. 

The deep fascia is more dense in this region than the fascia of the forearm, especially 
in the distal part of the AAvist. 

The tendon of the palmaris longus can be seen and felt through the deep fascia in the 
mid-line of the AATist. The fascia forms a complete sheath for this tendon. 

Slightly more radially and someAAdiat deeper may be seen the tendon of the flexor 
carpi radialis, Avhich runs its course from the elboAA^ to the AAvist. The tendon of the flexor 
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carpi radialis is also complete^ 
enclosed in the deep fascia. The 
anterior layer of this fascia forms 
a much thicker cover than that 
formed by the anterior layer 
of the fascia for the palmaris 
longus. 

The removal of the deep fas- 
cia for exposure of the subjacent 
structures is not easy, because it 
adheres to the most proximal 
part of the tendon sheaths of the 
flexores carpi ulnaris and radi- 
alis, which emerge from under 
the transverse carpal ligament, 
and also because the fascia is re- 
inforced in this region by trans- 
verse fibers which form the su- 
perficial volar carpal ligament of 
the vTist. 

The complete removal of the 

fascia and clearing of the tendon dissection of the anterior aspect of the wrist combined with 

sheaths slightly change the nor- a cioss section of the flexor tendons and the median nerve. 

mal relation of the tendons and 

the nerve. Cross-section studies, in addition to regular dissections, are therefore impor- 
tant. 

To facilitate the description, an anterior dissection, combined with a cross section of 
the flexor aspect of the wrist, is presented (Fig. 1). 

The tendon of the palmaris longus is normally in the mid-line of the wrist, continuing 
its course from the ulnar side of the humerus to the palmar aponeurosis. 

To the ulnar side of the palmaris longus, on a slightly deeper plane, appears the flexor 
sublimis tendon to the middle finger; it is usually of considerable size. This tendon shows 
on its radial side fleshy fibers, arching in a proximal and lateral direction. On the ulnar 
side, this tendon is devoid of fleshy fibers for a much longer distance. Contiguous to it 
and on its ulnar side appears the flexor sublimis tendon to the fourth finger; medial to it, 
slightly deeper but intimately close, is found the flexor sublimis to the fifth finger. This 
last tendon is sometimes concealed under the ulnar artery which in its turn is covered by 
a double layer of the deep fascia, as shown in the complete schematic cross section (Fig. 2) . 

To the radial side of the palmaris longus is located the tendon of the flexor carpi 
radialis, and lateral to it appears the radial artery. 

AYhen the tendon of the palmaris longus is elevated and slightly retracted to the ulnar 
side of the wrist, and the fascia underneath is cleared, immediately under the tendon is 
found the median nerve. The nerve is located appro.ximately in the same horizontal plane 
and to the radial side of the flexor sublimis tendon of the middle finger before it enters the 
carpal tunnel. At the proximal limit of the wrist, the median nerve is dorsal to the arching 
fleshy fibers of the same tendon. Here it almost constantly appears from underneath the 
arching fibers to continue its further course through the wrist to the palm. 

When the median nerve is elevated and retracted to either side, the tendon of the deep 
flexor of the index finger is most comraonl}’- found under the median nerve. 

To the radial side of the median nerve and the tendon of the flexor profundus indicis, 
in the space between these two structures and the tendon of the flexor carpi radialis, but 
dorsal to this last tendon, is found the tendon of the flc.vor pollicis longus. 



Fig. 1 
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Fig. 2 

A complete cross section of the right wrist. Tiie distal segment of the section shows’ diagramniati- 
cally tlie relations of the tendon of tlie palniaris Jongiis to the median nerre, to the flexor profundus 
indicis, and to the other flexor tendons of the fingers and wrist. 


To the ulnar side of the deep flexor to the index finger, and slight!}^ more anteriorly 
but underneath the tendon of tlie flexor sublirais to the middle finger, is found tlie tendon 
of the flexor sublimis to the index finger. To the ulnar side of the tendon of the flexor 
sublimis indicis are found the deep flexors to the middle, fourth, and fifth fingers. These 
last are approximately on the same level as the tendon of the flexor sublimis indicis, and 
are placed very close together, so close that sometimes they cannot be separated 
completely. 

In a cross section of the wrist in which the plane of section passes through the styloid 
process of the radius and a point just proximal to the pisiform bone, the relationship of the 
tendons and nerve is shown. The diagrammatic illustration represents the distal part of 
the right wrist (Fig. 2) . 

This illustration shows that, in the average hand, the tendon of the palmaris longus 
can be considered as a key to the deeper structures. It leads in depth to the median nerve 
which is under the tendon of the palmaris longus, to the tendon of the flexor profundus 
indicis found under the median nerve, and to all the other tendons in their proper relation 
to the radial and ulnar side of the central column. 

It may be noticed that the location of the deep fle.xor to the index finger does not 
change, whether the ulnar bursa (common flexor tendon sheath) includes the index flexors, 
or whether the index fle.xors have an independent sheath. 

The tendons of the wrist present frequent variations which are a part of the varia- 
tions of the muscles of the forearm. The complete description of these variations is beyond 
the limits of this article. To understand the variations it is important to know that they 
are not haphazard, but are an expression of differentiation of a common volar muscle 
mass, subject to definite developmental rules. 

According to Lewis, in the human embryo, the development of the muscles of the 
anterior surface of the forearm begins as a common mass which gradually recedes from 
the wrist proximalward and splits into longitudinal units to form the adult muscles and 
tendons. 

Considered from the viewpoint of comparative anatomy, the muscles of the volar 
aspect of the forearm form a common flexor-pronator group, originating from the medial 
epicondyle of the humerus, the ulna, and the radius, as an undifferentiated mass, which 
splits into distinct longitudinal units. The splitting and the development of the con- 
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stituent parts vary in accordance with the functional development of the hand of the 
corresponding group. Thus, in the reptilian hand, which moves as a unit without separate 
finger or wrist motion, the volar musculature of the forearm is said to be undifferentiated 
and undivided almost in its entirety. In man, the known complexity of the volar muscu- 
lature is in full accordance with the functional demands of the human hand. In the inter- 
mediate groups, a wide range of combinations and divisions represent normal patterns for 
the corresponding group. Testut has shown that the human muscle variations often 
represent a modified form of a normal pattern, seen in a lower zoological group. 

Most of the variations fall into definite groups and for simplicity are considered 
separately for each terminal group of tendons. 

1. The Flexor Carpi Radialis 

In tills' group there are; 

a. Frequertt insertion of the flexor carpi radialis into the greater multangular. 

b. Insertion into the greater multangular and the scaphoid. 

c. Insertion into the base of the metacarpals. 

d. Insertion into the transverse carpal ligament. 

While the first three insertions do not materially change the relation of the tendon, 
the fourth places the tendon more superficially and may lead to its confusion with the 
tendon of the palmaris longus, especially when the palmaris longus is absent. 

2. The Palmaris Longus 

a. The palmaris longus is absent in about 11 per cent, of cases according to Le 
Double. In the absence of this tendon, the author observed, in three instances, that the 
flexor sublimis indicis appeared between the median nerve and tin tendon of the flexor 
sublimis to the middle finger. 

b. The tendon may divide into two or three separate tendoJis. 

c. Instead of a tendon, a muscle belly may be found. 

d. The tendon may deviate from its mid-line position in the wrist to the ulnar side 
and become inserted into the pisiform bone, or into the abductor pollicis bi'ovis. 

S. The Median Nerve 

Hovelacque found that a frequent variation of the median nerve is in its splitting into 
two longitudinal trunks. Occasionally, the nerve occupies a slightly ulnar position in re- 
lation to the palmaris longus, or shifts to a more lateral location in relation to the palmaris 
longus. 

The flexors of the fingers and the thumb produce variations which are frequently 
interrelated. 

4- The Flexores Digitorum Sublimis and Projundus 

a. There is frequent extensive fusion of the tendons of the flexores ’sublimis and pro- 
fundus to the fourth and fifth fingers. 

b. . Frequently there are accessorj’^ muscle and tendon slips to the flexor profundus 
and especially to the flexor profundus indicis. 

In one of the dissected specimens, a supernumeraiy tendon of this type was found in 
both wrists. For experimental purposes, the normal flexores digitorum jnofundus and 
sublimis were completely severed in the wrist. The accessory slip originated in the distal 
part of the origin of the flexor pollicis longus and was inserted into the tcntlon of the flexor 
profundus indicis, near one of the lumbricales. Traction applied to tiie accessory slip 
produced flexion of the index finger. 

c. The flexor sublimis to the fifth finger and to the index finger may be absent. 

d. The flexor profundus to the index finger may be split into two independent tendons. 
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0. TIk' flc'xor j)n)fundup indicis may liavc a common origin with the flexor pollicis 
longus. 

0. The Flexor Pollin'^ Loiigiis 

a. The flexor pollicis longus may be absent, as normally observed in some of the 
groat ai)cs. The thumb is then found very much diminished in size. 

b. The tendon may l)o divided into two or three separate slips with insertion into 
the scaphoid or into the transverse carpal ligament. 

6 . The Flexor Carpi Ulnaris 

a. In the flexor carpi ulnaris, the tendon of insertion into the pisiform bone may 
become double. 

b. It may fuse with the tendons of the flexor sublimis or flexor profundus. 

c. The insertion may descend to the fourth or to the fifth metacarpal. 

Figures indicating the incidence of the individual variations are nbt given, because 
they are not definitely available in the literature, and also because a specially conducted 
investigation on a large scale is required for definite conclusions. Nevertheless, the de- 
scription of the most common variations is important as thej’- are comparatively frequent, 
they form an integral part of the anatomy of the wrist, and they are necessary for proper 
surgical orientation in this region. 


SUMMARY 

The relative position of the flexor tendons and the median nerve is not adequately 
described in the literature. A study of the wrist showed a comparatively constant relation 
of the tendon of the palmaris longus to the median nerve and tendon of the flexor pro- 
fundus indicis. 

The anatomy of the tendons of the wrist and of the median nerve, as commonly ob 
served, and also the surgically important variations of the tendons are presented. 
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strip of fascia lata, about six inches long and three inches wide. The length of this graft 
-^^n be determined by measuring the distance between the tip of the scapula and the sev- 
ered tendon of the pectoralis major, always allowing sufficient length to permit suturing 
of the graft to the tendon and looping through the hole which has been drilled in the 
scapula. The graft is then rolled around the tendon of the pectoralis major to form a tube 
of several layers’ thickness and overlapping the tendon about one inch. It is then se- 
curely sutured with silk. The edge of the fascial tube is also sutured upon itself with a 
running stitch. It is important that the gliding surface of the fascia be also the gliding 
or superficial surface of the fascial tube. This tube is then passed from the anterior inci- 
sion through a subcutaneous tunnel to the posterior longitudinal incision over the tip of 
the scapula. It is looped through the hole in the scapula, pulled taut, and sutured upon 
•itself. During all of this procedure, the scapula should be held depressed against the chest 
wall and rotated anteriorly. All incisions are closed in the usual way. The arm is im- 
mobilized at the side by strips of adhesive tape or a Velpeau bandage. Cautious motion 
may be started in three weeks. 

CASE REPORTS 

Case 1. G. R., male, twenty-three years old, was first seen in December 1939 with a history of pain 
in the region of the right shoulder in June 1938. When seen, his only complaint was one of fatigue in 
the shoulder and arm. Phj’sical examination showed the boy to be* in good condition, except for the 
right shoulder which revealed the usual objective findings of a parab'zed serratus anterior, with marked 
winging of the scapula. All other muscles of the shoulder girdle and upper extremity were functioning 
normally. Reflexes were normal. A diagnosis of residual deformity from infantile paralysis was made. 

The operation as described was performed upon this patient. He made an uneventful 
recovery, and was discharged from the hospital in five days. Three weeks later the im- 
mobilizing dressing was removed, and gentle motion, both active and passive, was started. 
At that time, the transplanted pectoralis major could be felt to contract strongly on volun- 
tary effort, and a firm cord representing the fascial graft could be seen and felt, running 
transversely across the axilla to the tip of the scapula. The patient was seen at intervals 
for several months, and when last seen, scapular movement was normal. The right scap- 
ula was slightly more prominent than the left, but was not as conspicuous as it had been. 
The graft and transplant were functioning excellently. The patient returned to work, and 


CLAVICLE 



Anterior surface of the chest with mu^cle-s 
intact, to show direction of fibers of pec- 
o toralis major. 


Anterior chest wall with pectoralis major re- 
moved, to show the fibers of the serratus an- 
terior and of the pectoralis minor. 
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it is interesting to note that he later passed the physical examination for the Navy, and 
has served throughout the War. 

Case 2. A. N., female, twenty-eight years old, was first scon in January 1942. She complained of a 
prominent right shoulder blade which was cosmetically embarrassing. The patient had had infantile 
paralysis in-childhood. Examination was negative except for the prominent right scapula and loss of 
power in reaching forward, indicating paralysis of the. serratus anterior. Evidence of any central nerv- 
ous disease was lacking. The patient was operated upon, and kept under observation for six months. 
The scapula was held close to the chest wall and was ne.arly normal in movement. The cosmetic result 
was satisfactoiy. 

A procedure similar to the one described and based upon essentially the same prin- 
ciples was reported by Tubby in 1904. He inserted “the cut end of the pectoralis major 
into as much of the width of the serratus magnus as possible, and this was done by divid- 
ing the cut end of the pectoralis into several fasciculi, then, drawing the paralysed ser- 
ratus well forward, the fasciculi of the pectoralis were firmly stitched with silk to the ser- 
ratus magnus over an area corresponding to four or five of the digitations of the latter’,’; 
The objection to this procedure is the dependence of the pull of the transplanted pecto- 
ralis major on a paralyzed, atrophic serratus, which might easily be stretched. While the 
immediate result of the operation might be satisfactory, the late result might reasonably 
be expected to be unsatisfactory. (After this paper had been submitted to The Journal, the 
author learned that Ober had operated on two cases, using a procedure similar to that 
here described by the author.) Dickson has described the use of a fascial transplant from 
the inferior border of the pectoralis major to the inferior border of the scapula. This 
would immobilize the lower angle of the scapula, but would probably produce little scap- 
ular motion. Whitman fastens the vertebral border of the scapula to the spinous proc- 
esses of the fourth, fifth, sixth, and seventh thoracic vertebrae by strips of fascia lata. 

The operation described fulfills the requirements for such a procedure. The utiliza- 
tion of a portion of the pectoralis major as a substitute for a paralyzed serratus anterior 
is logical, since the pull of the two muscles is parallel (Fig. 2-B). The pectoralis major 
abducts and draws the arm forward, and the serratus draws the scapula forward. One 
should expect the transplanted pectoralis to have little difficulty in becoming adapted to 
its new function. Lasth^, the normal function of the arm and shoulder which is seen fol- 
lowing radical mastectomy, in which both pectoral muscles are removed, leads to the con- 
clusion that a portion of the pectoralis major can be sacrificed as an adductor of the arm 
without interfering with the function of the arm. 
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THE TREATMENT OF NON-UNION OR DELAYED UNION 
OF FRACTURES BY MEANS OF MASSIVE ONLAY GRAFTS 
FIXED WITH VIT ALLIUM SCREWS 

BY D. M. JIEEKISOX, M.D., F.A.C.S., VAXCOXn^R, BRITISH COLUMBIA, CANADA 

The almost universally good results obtained bj’- means of the massive onlay graft 
for delayed union or non-union of long bones may well be stressed at this time. How- 
ever, apart from minor variations in technique, there is nothing new or original in this 
report. 

In essence, the massive onlay gi-aft is simply a full-thickness piece of cortex of auto- 
genous bone applied to the surface of the fragments (across the ununited gap) but not 
countersunk into the recipient fragments. Union takes place between the fragments and 
the graft, and directly across the gap. Firm fixation is provided, which is essential. 

The inlay or countersunk graft first came into general use about 1912, and since then 
the technique has been variously modified. For about fifteen years, it was the usual prac- 
tice to prepare a specially cut bed for the reception of the bone gi’aft — the inlay method. 
Then in 1927, with the publication of “The Onlaj’' Graft in the Treatment of Ununited 
Fractures in Long Bones”, by Campbell, and, in 1928, the article by Henderson, a new 
technique came into prominence. From that time on, various authors have described and 
perfected the onlay graft. 

Different methods of fixation of the onlay graft have been suggested,^®’^®’’" including 
aluminum, bronze and silver wire, and kangaroo tendon. With the use of these the author 
is not in sympathy. Miller reported the technique of onlay and inlay grafts, using remov- 
able Kirschner-wire fixation, but the risk of infection in this procedure is obvious. Bone 
pegs were also used, but they greatly increase the difficulty of the operation. 

Vitallium screws have greatly simplified the procedure of bone grafting. Their use is 
now widespread in the United States and Canada and in the British Isles, and after six 
years there are no reports of their having had any detrimental effects on body tissues. 
Vitallium is sufficiently passive in body fluids to resist disintegration, and it does not ' 
release metallic ions into the tissues. It appears to be completely inert. It is extremely 
strong and hard. On occasion, when a plate or screws have had to be removed, they have 
always been found to have retained their high polish, and no harmful effects have been 
noted in the adjacent tissues. 


FUNCTION OF A BONE GRAFT 

A bone graft has at least two functions, — (1) it must provide a rigid internal fixa- 
tion, and (2) it must play a physiological role. The gi’aft can hardly be regarded as a 
“dead strut”, otherwise simple plating would produce the desired effect. This might be 
illustrated by the fact that fractures of the neck of the femur, with the fracture line at 
more than 60 degrees to the horizontal plane, will not unite when transfixed bj- a Smith- 
Petersen nail unless the use of the nail is supplemented by a bone graft. Hey Groves 
upheld the theory of the living graft, as did Lambrinudi and Stamm. Further weight 
might be added to the theory of tlie physiological role by a recent personal eommunica- 
tion from Major H. C. Blair, Medical Corps, Army of the United States, who has been 
applying his onlay grafts cortex to cortex, and has been gratified by the rapidity of union 
obtained. 

Whatever the underlying principles may be, it would seem that the massive onlay 

* Prepared from a paper read before the Orthopaedic Section, Royal Society of Medicine, at Ely, 
Cambridgeshire, England, June 13, 1942. 
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graft, fixed witli vitallium , screws, met all tlic requirements, — internal fixation, supple- 
mentary bone, osteogenic material, and the stimulation of osteogenesis. 


RESULTS 

In some 170 cases, in which this inethod of grafting the long bones has been employed, 
the author has had only one failure, an old ununited fracture of the upper end of the tibia, 
which united successfully after a second similar graft. 

This report is based on only thirty cases, of which accurate case records have been 
kept in the Orthopaedic Service of the Royal Air Force. A period of about two years is 
covered. In all, the bones grafted have united in good position. Seventeen of the patients 
are on full duty at their various air or ground assignments. Three are on limited service, 
including non-operational flying. One, who had a forearm graft and later a mid-thigh 
amputation, is unfit for flying. One, who had grafts of both femur and tibia, is under- 
going treatment for a sciatic lesion dating from the injury. Two have been discharged 
from the service, and the remaining six are still undergoing rehabilitation. The site of 
graft and average time of fixation for this series, treated in England, are shown in 
Table I. 


TABLE I 

Fractures of Long Bones Treated with Onlay Grafts 


Site of Fracture Number of Cases Average Period of Fixation 

Radius S 10 weeks 

Ulna 4 10 weeks 

Femur 6 4 months 

Tibia 11 , 4 months 

Humerus 1 11 weeks 


The age incidence was favorable, nineteen to thirty-six, with the exception of one 
patient fifty-seven years bid, with fractures of the forearm, in whom bone was produced 
at an incredible rate. Thirteen of the patients suffered fractures as the result of aircraft 
accidents; fifteen as the result of motorcar or motorcycle accidents; one was due to a 
bomb explosion; and one was the result of football injuries. Nine of the patients were 
under treatment on this Service from the onset of injury, while the remainder had been 
treated elsewhere for periods varying from one month to a year. Complications, such as 
skin loss, frostbite, compound wounds, and burns, were contributing factors to the de- 
laying of union or. to the malposition of fragments. 

OPERATIVE TECHNIQUE 

A tourniquet is used wherever possible, even in grafts of the femoral shaft. In the 
latter case a Steinmann pin is passed from front to back just above the greater trochanter 
and just inside the iliotibial band. The tourniquet is then applied around the groin and 
above the pin. In operations on the forearm and leg, pneumatic tourniquets are by far the 
most satisfactory; in the arm, pressure should be about 240 millimeters (Bunnell advises 
300 millimeters). In the Campbell-Boyd type of pneumatic tourniquet, the pressure is 
maintained for the arm at nine pounds, and for the leg at fourteen. In the lower extrem- 
ity a tourniquet applied below the upper third of the thigh is dangerous. 

The operation is greatly facilitated by having two teams working, one preparing the 
bed for the graft and securing it in position, while the other obtains the graft. A tibial 
graft is decidedly preferable because it is strong enough to’ impart rigid internal fixation. 

The Approach 

The approach to the shafts of the long bones must be definitely along anatomical 
planes. The work of Henry on this subject is classic. No exposure of a long bone should 
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be made ■ndthout due respect for soft tissues. The result of surgical trauma to normal 
structures maj^ be serious; its avoidance cannot be stressed too strongly. 

Preparation of Fragment Ends and Graft Bed 

All fibrous tissue intervening between the fragments and all excess callus should be 
removed. Disturbance of normal periosteum should be kept to a minimum. The ends of 
the fragments should be freshened bj' removal of sclerotic bone and the medullary canals 
opened by drilling, if necessarjL Care in properly fitting together the ends of the frag- 
ments is essential. 

It is usually unnecessary to section the fibula in grafting the tibiR; occasionally this 
has to be done. When a gap of half an inch, bridged bj’’ one or two massive onlay grafts, 
can be packed with osteogenic material from the medullarj’’ canal at the upper end of 
the tibia, supplemented by small bone chips, union maj’- be expected. In such a case the 
impression of a gap maj' be given in the postoperative roentgenogram; actually there is 
no gap. 

When the fragments have been accurately apposed, a bed is prepared. This is done 
most easily by a chisel, rather than by an osteotome. In all long bones except the tibia, 
the bed is prepared on the most easiU’’ available surface, having regard to such structures 
as the musculospiral nerve in the humerus. In the tibia, it is made over the lateral aspect 
of the bone. In this site the graft is covered by the extensor-muscle bellies; when placed 
on the flat anteromedial aspect, it is virtually subcutaneous. 

Preparation of the Graft 

It is preferable to select the upper end of the tibia for grafts, since in this area they 
seem more osteogenic. Furthermore, the nutrient artery is avoided as well as the possible 
subsequent development of a hematoma. Another advantage is that it provides easy 
access to the upper part of the medulla, the source of the semifluid cancellous material 
which may be easily pressed into every crevice at the recipient site. The iliac crest, 
probably the ideal bone graft from an osteogenic standpoint, is too malleable for this 
purpose. 

The graft is removed from the donor tibia by the use of an electric saw. Before the 
graft is removed, it is helpful to bevel its edges and place the drill holes. The medullary 
portion of the tibial graft is removed from the cortical portion by means of a broad osteo- 
tome, the graft being firmly held, edge up, on a wooden block bj’’ an assistant. This leaves 
a rough contact surface. 

Application of the Graft 

The medullarj’- portion of the graft is placed easily in the prepared medullary canal 
and the cortical portion settled in the prepared bed. After the recipient fragments have 
been drilled, tbe graft is fixed in position by means of vitalliura screws of suitable length. 
Six screws are usually used in all but forearm grafts (where four usually suffice). Six 
screws give twice the stability obtained by four. The screws are “staggered”, thus en- 
suring against torsion strain. The screws must engage both cortices of the recipient frag- 
ments. The graft can be fastened to the fragments advantageously from the uppermost 
drill hole downward, being held in contact with the fragments quite easily by means of 
one or two Lane bone holders. AYhen the distal fragment is reached, it can be accurately 
apposed to the graft and maintained while it is being engaged. 

Finally, all crevices are filled with material scooped from the medulla of the donor 
leg, the material being used like mortar. The wounds are sutured with interrupted nylon in 
the skin, and a padded plaster cast is applied. .A.fter fourteen days, this cast and the 
sutures are removed, and a non-padded cast is substituted. .\t the same time the sutures 
are removed from the donor leg and a long non-padded cast is applied. This may be 
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changed to a below-the-knee cast at the end of seven or eight weeks, and at the end of 
another four weeks a walking heel may be added. Protection for ten weeks should suffice 
for the donor leg, while fixation of the grafted limb in plaster is maintained until union 
is clinically and roentgenographically solid. 

The i^eriod of external fixation found to be necessary in this series (in England) is 
shown in Table I. 
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CORRECTION OF HALLUX ^'ALGUS BY AIETATARSAL OSTEOTOAIY 


BY F. B. HAWKINS, M.D., C. LESLIE MITCHELL, M.D., AND 
DONALD W. HEDRICK, M.D., DETROIT, MICHIGAN 

Fro7n the Division oj Orthopaedic Surgery, Henry Ford Hospital, Detroit 

Since 1922, the standard procedure at the Henry Ford Hospital for the correction of 
hallux valgus deformities has evolved from the original osteotomy operations devised by 
Hohmann and Peabody. Over a period of years several modifications of the original pro- 
cedures have been adopted to improve the technique, and to correct more complete^ the 
underlying causes of the deformity. 

In 1923, Hohmann reported for the first time an osteotomj'^ operation devised for the 
correction of hallux valgus. It was a radical departure from the accepted bunionectomies 
of the time, and, although it was a sound procedure basically, there seemed to remain a 
number of deficiencies. The operative technique consisted of a trapezoid resection of the 
metatarsal shaft proximal to the exostosis, followed by reapproximation of the fragments. 
No attempt was made to remove the exostosis, to visualize the joint, or to excise the bursa. 
The adductor hallucis tendon was shortened in a further effort to prevent recurrence of 
the deformity. Stable internal fixation of the metatarsal fragments was not attempted. 

Peabodj'' in 1931 reported a bunionectomy, first employed in 1922, which was the 
forerunner of the operation we shall describe. Notable among the improvements in oper- 
ative technique over that of the Hohmann operation was the use of a heavy chromic su- 
ture for internal fixation. The suture was inserted through drill holes in the apposing 
metatarsal fragments to prevent shifting during convalescence. Peabody also noted that 
a bone spicule retained on the lateral aspect of the capital fragment assisted in prevent- 
ing horizontal shifting of the fragments. Other advances were the excision of the exostosis 
and the plastic repair of the capsule. The osteotomy employed was uniformly cuneiform, 
the wedge-shaped bone fragment being removed prior to approximation of the capital and 
diaphyseal margins. It is the authors’ opinion that the theory supporting this type of 
osteotomy is in error, inasmuch as the basic deformity, the metatarsus primus varus, is 
not corrected, but is exaggerated by reapproximation of the metatarsal fragments. This 
would then predispose to recurrence of the deformity.. It has been the tendencj’^ in the past 
to underestimate the significance of the congenital varus deviation of the first metatarsal 
in the development of the typical hallux valgus deformity. Shoes have borne the burden 
of the blame for many years. This “vicious shoeing’’ we now realize is of secondary im- 
portance, and is rarely capable of producing severe bunions unless the basic metatarsus 
primus varus already exists. This deformity makes the great toe more vulnerable to ex- 
trinsic influences, particularly short stockings and short, narrow shoes, which eventually 
produce the characteristic deformity. 

The Mayo bunionectomy has withstood the test of time, and has acquired a great 
many enthusiastic supporters. It is essentially an arthroplasty of the metatarsophalan- 
geal joint, which consists of resection of the cartilage-bearing surface of the metatarsal. 
The head is then remodeled, and a U-shaped bursal flap is turned into the joint. Since tlic 
articular cartilage is often uninvolved, we feel that this operation should not be performed 
indiscriminately, but should be reserved’ for severe deformities associated with degenerative 
changes within the joint. The surgical shortening of the first metatarsal is capable of pro- 
ducing a secondary metatarsalgia through the shifting of the burden of weight-bearing 
toward the lateral aspect of the foot. 

The bunionectomy devised by McBride adheres to conservatism, and employs a mini- 
mum of bone surgerj-. Briefly the procedure consists of transplantation of the common 
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tendon of the adductor hallucis from the base of the proximal phalanx to the head of the 
first metatarsal. The external sesamoid is removed, when indicated. The bursa over the 
medial aspect of the metatarsal head and the exostosis are removed. Manipulation of the 
great toe into a position of overcorrection, and of the first metatarsal into a more lateral 
position is followed by application of a corrective plaster slipper. Statistieally the results 
appear to be very satisfactorj’- in the series of patients reported by McBride, who range in 
age from sixteen to seventy-one years. 

It is difficult to conceive that transplantation of the relatively weak adductor hallucis 
muscle is capable of maintaining the first metatarsal in this more lateral position. It 
would seem that complete and permanent correction v'ould necessitate an osteotomy of 
the metatarsal of the type described by Lapidus, or that which the authors will describe. 
For the sake of simplicity, we prefer the double transverse osteotomy to the formidable 
reconstruction of the proximal metatarsal shaft, employed by Lapidus. 

Indications for the correction of hallux valgus by metatarsal osteotomy are essen- 
tially the same as those for other bunion operations. They are valgus deformity of the 
great toe, painful metatarsophalangeal articulation, exostosis formation, irritation of the 
bursa, and, more important, the metatarsus primus varus which is always present in more 
serious cases. In fifty-five of our cases, chosen at random, the average deviation of the 
first metatarsal from the longitudinal axis of the second was 13.8 degrees. The variation 
in the group was from 9 to 19 degrees. By means of metatarsal osteotomy it was possible 
to attain an average correction of 5.2 degrees, or to 8.6 degrees. The range of correction 
was from 1 to 11 degrees (Figs. 1-A, 1-B, and 1-C). 

In another series of cases, which we shall consider normal feet, it was found that the 
angle of deviation of the first metatarsal varied from 2 to 9 degrees, the average being 5.6 
degi-ees. This group of fifty patients had been under treatment for contusions or fractures 
of the toes, and none had complained of the symptoms associated with hallux valgus. It 
is our opinion that the hallux valgus deformity should be corrected by the metatarsal os- 
teotomy in all instances where deviation of the first metatarsal is 10 degi-ees or more. 
Conversely, if the deviation is less than 10 degrees, a more conservative bunibnectomy will 
give satisfactory relief from s 3 miptoms. In such instances, the basis of the complaint is 
a large exostosis over the metatarsal head, which gives the erroneous impression of abnor- 
mal deviation of the first metatarsal. In situations such as this, we have found that the 
technique of Silver has given very gratifying results. 

Failure to obtain a satisfactory functional and cosmetic result following bunionec- 
tomy can be attributed to a great number of inadequacies of technique and errors in judg- 
ment. Most important of these are: 

1. Failure to remove the exostosis adequateljL 

2. Damage to the articular cartilage of the involved bones, predisposing to hallux 
rigidus. 

3. Failure to correct the metatarsus primus varus. 

4. Alteration of the sesamoid-metatarsal relationship. 

5. Excessive shortening of the first metatarsal, therebj'- altering the ratio of weight 
distribution. This situation has been described bj' Morton®. The short first metatarsal, 
whether of congenital or surgical origin, predisposes to metatarsalgia through the sliifting 
of the weight from the first metatarsal to the heads of the second and third. • 

6. Failure to shorten the tibial collateral ligament. 

7. Failure to emploj' corrective dressings for a sufficient period of time after oper- 
ation. 

8. Wearing of improper shoes after surgical correction. 

The writers carefulty observe the above precautions in performing tlie correction for 
hallux valgus, as will be evident in the detailed description of the surgical teclinique and 
after-care. 
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OPERATIVE TECHNIQUE 

1. Two routine orthopaedic preparations are required during the twelve hours pre- 
ceding operation. The feet are again prepared with a suitable antiseptic in the operating 
room. 

2. An Esmarch tourniquet is applied to the lower leg, extending to approximately 
four inches below the head of the fibula, thereby avoiding injury to the common peroneal 
nerve. 

3. The feet are draped separately, thus enabling two surgical teams to operate si- 
multaneously. 

4. A curved skin incision, five to six centimeters in length, is made over the medial 
aspect of the first metatarsophalangeal joint with the maximum convexity over the joint 
itself (Fig. 2) . This is followed by subcutaneous dissection and reflection of the skin flaps. 
The bursa may or may not be excised, depending upon the degree of irritative change. 

5. A Y-shaped incision is then made through the capsule and periosteum of the meta- 
tarsal shaft (Fig. 3) . This flap is freed from the shaft, leaving the base attached to the 
proximal phalanx. The joint and exostosis are then exposed. 

6. The exostosis is excised cleanly, flush with the shaft (Fig. 4) . 

7. Drill holes are placed through the metatarsal shaft in the anteroposterior plane 
near the medial cortex, about one-half inch apart, the distal perforation being approxi- 
mately one-half inch proximal to the articular cartilage (Fig. oj . Number 3 chromic su- 
ture is then threaded through the drill holes. 

8. The metatarsal shaft is then doubly osteotonnzed perpendicular to the shaft with 
the power saw (Fig. 6). The interposing fiagment, which should not exceed one-eighth 
of an inch in breadth, is then removed. The proximal osteotomy is completed with saw 
or bone-cutting forceps, leaving a short spur on the distal fragment. The depth to which 
the double osteotomy is carried is determined by the degi’ee of metatarsus primus varus 
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and the breadth of the foot. In extreme deformities, the grooves penetrate to a depth of 
approximately one-half the width of the shaft; consequently, upon completion of the prox- 
imal osteotomy, a broad spur is left continuous witli the distal fragment. 

Conversely, if the foot is narrow or the deformity relatively slight, the osteotomy 
grooves penetrate to the opposite cortex, or approximately five-sixths the width of the 
shaft. This lea^ms a narrow spur attached to the distal fragment. 

9. The capital fragment is displaced laterally on the proximal, the displacement be- 
ing maintained by the spur (Tig. 7) . The heavy suture is then securely tied, holding the 
fragments in firm apposition. 

10. The great toe is then forcibly abducted and held in slight flexion while a plastic 
repair is performed on the capsuloperiosteal flap (Figs. 8 and 9). The V-shaped flap is 
sutured far proximally on the metatarsal shaft to maintain the toe in the overcorrected 
position. This is followed by the usual closure of the subcutaneous and cutaneous tissues. 

Tongue blades are employed as splints on the medial and plantar surfaces, incorpo- 
rated in the sterile dressing, and secured in place with strips of adhesive. The impor- 
tance of postoperative care must not be underestimated, and one must be cognizant at all 
times that there has been a surgical fracture of the metatarsal shaft. We make no effort 
to disturb the dressing until ten postoperative days have passed, and then only to remove 
the sutures. Splints are firmly reapplied weekly until five weeks have passed, at which 
time the patient is ready to wear a straight-last oxford. At this stage, toe posts (Fig. 10) 
are supplied, which are worn aS night splints to prevent direct pressure upon the toes 
from the bed clothing during this early period. These are worn during the next twelve 
weeks. 

Recently weight-bearing has been permitted four or five days after operation, the 
patient being encouraged to bear weight on the heels with the aid of crutches. No un- 
toward effects have been noted. 
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Through close adherence to the 
technique described, it is possible to 
correct, both anatomically and me- 
chanically, a painful and disconcert- 
ing deformity. The toe is again in 
alignment with the shaft of the meta- 
tarsal which is straiglitened for the 
first time. Consequently the foot is 
somewhat narrower. Normal weight- 
bearing lines are established, and the 
patient is again able to walk in the 
normal heel-toe manner. The sesa- 
moid-metatarsal relationship is not dis- 
turbed, nor has the articular cartilage 
been destroyed. The joint is again 
made painless through the removal of 
the exostosis underlying the subcuta- 
neous bursa, which is excised if irri- 
tative changes are present. 

There is no possibility of aseptic 
necrosis of the capital fragments, since 
only the medial portion of the capsule 
is incised, thereby preserving adequate 
vascularity. By performing the oste- 
otomy through the. shaft rather than 
through the cancellous bone of the metatarsal head, surgical trauma to the capital frag- 
ment is minimized. 

In a recent survey of end-results of bunionectomies performed during the past twenty 
years, questionnaires were sent to all patients regardless of the type of operation. Prior to 
Januar}-- 1944, 188 corrections had been accomplished bj^ metatarsal osteotomjL Since 
that date twenty-three operations. of this type have been performed. 

In sixty-four cases where varus deviation of the first metatarsal was not great enough 
to warrant the more radical procedure, the Silver operation was employed. During the 
same period, six Mayo and four Keller operations were performed. The average period of 
postoperative observation was four and one-tenth years. Of all patients, 88.3 per cent, 
were females, and 11.7 per cent, were males. Ages ranged from fourteen to seventy-seven 
years, the average age being forty-two years. 

The following statistics were compiled from the responses of all patients upon whom 
the metatarsal osteotomy had been performed prior to January 1944. 

The questions and responses are as follows: 

1. Are you satisfied with the results? 

One hundred eighty-two patients (96.S per cent.) were satisfied. 

Four patients (2.1 per cent.) noted some improvement, but were not entirely sati.^fied. (.All of 
these patients had chronic rheumatoid arthritis.) 

Two patients (I. I per cent.) were dissatisfied. (Tiiese patients had subacute rheumatoid arthritis 
and roentgenographic evidence of gout.) 

2. Has Uiere been a recurrence oj t)ic previous deformity? 

One hundred sixty-three patient.s (S6.S per cent.) had not noticed any recurrence of the deformity. 

Eighteen patients (9.6 per cent.) noted slight recurrence of the deformity. 

Seven patients (3.6 per cent.) noted marked recurrence of the deformity. (.All of thc.^e patient-s 
Were arthritics.) 

3. Is there persistent pain over the great-toe joint? 

One hundred eight.v-two patients (96.S per cent.) were completely relieved of pain over the fir.-t 
nietatarsophalangeal joint. 



Fig. 10 


VOL. x.xvn, NO. 3, JULY 1945 



394 


F. B. HAWKINS, C. L. MITCHELL, AND D. W. HEDRICK 

Six patients (3.2 per cent.) had persistent pain over tlic first metatarsophalangeal joint, ranging from 
slight to severe. 

Is there pain over the toeighl-bearing surface {metatarsals) of the forefoot? 

5. Did you have pain over the weight-bearing surface of the forefoot {metatarsals) in addition to the 
bunion before operation? 

From the responses to Questions 4 and 5, we were able to determine that 45.6 per 
cent, of all patients had some degree of metatarsal pain jirevioiis to operation. 

Of this group, 60.9 per cent, were relieved completelj'’ of discomfort in the metatarsal 
arch, while 39.1 per cent, noted no change. 

Of those who had no metatarsal symptoms before operation, 13.3 per cent, developed 
pain in the metatarsal arch during the years following. 

The other 41.1 per cent, had no metatarsal symptoms, either licforc or after operation. 
These statistics seemed to confirm our clinical impressions and were in general very 
gratifying. It was somewhat disappointing on the other hand to note that 13.3 ])er cent, 
of the patients had developed sjunptoms referable to the metatarsal arch. This is best ex- 
plained (1) by the normal aging process with associated vascular changes; and (2) by re- 
moval of an excessively wide segment of a congenitally short metatarsal shaft. This tech- 
nical error has recently been recognized. As a result, the shortened first metatarsal then pas- 
sively shifts the burden of weight-bearing to the heads of the second and third metatarsals. 

It is also to be noted that this type of operation is not particularly successful in 
arthritics. Our only poor results were encountered in this group of patients. However, 
reconstructive orthopaedic surgery is in general very discouraging in cases of articular de- 
generation. It is possible that the Mayo bunidnectomy would give better results in ar- 
thritics. Our experience with this procedure is not adequate to warrant an opinion. 

CONCLUSIONS 

In all severe hallux valgus deformities there is a basic metatarsus primus varus which 
varied from 9 to 13 degrees (in our series) . Transverse metatarsal osteotomy is performed 
to overcome the varus deviation of the first metatarsal. Correction of the hallux valgus is 
accomplished by plastic repair of the capsuloperiosteal flap. Failure to correct the con- 
genital metatarsal deformity predisposes to recurrence of the “bunion”. Excessive short- 
ening of the metatarsal shaft is occasionally responsible for postoperative symptoms of 
the metatarsal arch. The operation is adaptable to all degrees of deformity. The tech- 
nique is relatively simple, and the results are uniformly^ good. 
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HEALING THHE IN FRACTURES OF THE SHAFTS OF THE TIBIA 

AND FEMUR* 

BY ROBERT V. FUXSTEN, M.D., AND ROBERT \V. LEE, M.D., CHARLOTTESVILLE, VIRGINIA 
From Ihc Fracture Clinic oj the University oj Virginia Hospital, Charlottesville 

The healing time of the long bones of the lower extremity is notoriously uncertain in 
adults. It is of particular importance economical^ to the patient, the family, and the com- 
munity. As long as weight-bearing is not possible, or is limited, the patient is a liability 
to himself and his community. Therefore, he is entitled to know, as accurately as possible, 
how long he will be incapacitated by his fracture. Reasonably accurate prognosis is of 
great importance in the teaching of students, and in advising the patient, and the insur- 
ance company in case of industrial accident. The estimate should, of course, be based on 
the factors which influence healing, — such as (1) the amount of contusion, comminution, 
and compounding, (2) the type of fracture, (3) the site of the fracture, (4) the age of the 
patient, and (5) the method of treatment. 

Textbooks by Key and Conwell, Caldwell, Scudder, Lewin, Bohler, Magnuson, Com- 
pere and Banks, and Kellogg Speed are at variance on this subject, and tend to underesti- 
mate the approximate time of healing. The belief that such fractures do not heal as rapidly 
today as formerly, as suggested by McMurray, is unfounded, as demonstrated by Watson- 
Jones and Coltart, and by Young and Blaisdell. 

The authors agree with these investigators that distraction, infection, angulation, and 
disturbance of blood supply (which includes remanipulation) are the most important ad- 
verse factors in non-union and delayed union. 

Age 

In our series of 256 cases there has been no case of non-union in children under fif- 
teen years of age, with the exception of congenital fracture of the tibia. One case of de- 
layed union was encountered in a compound fracture with severe comminution. Youth is 
an assuring element in the healing of fractures. There are few factors which can prevent 
the union of any bone in children. There may be malunion with overriding or angula- 
tion, but, unless there is interposition of tissue or complicating pathological changes, 
non-union does not exist. For this reason, all patients under fifteen years of age are elim- 
inated from these statistics of healing time. There seems to be no great difl'erence in the 
percentage of delayed union or non-union in patients beyond the growing period, whether 
the fracture be in a person twenty-one or ninety-one years of age. 

Blood Supply 

Variation in the healing time occurs in all types of fractures, but the variation in 
healing of fractures of cancellous bone is so much less than in fractures of cortical bone 
that one may well assume that blood supply is the most important factor of all elements 
influencing healing. This is further substantiated by experience with fractures of the neck 
of the femur. Fractures of the femoral shaft rarely go on to non-union,' although they are 
often prone to delayed union. One patient, showing non-union at the end of two years and 
refusing further treatment, returned at the end of five years with complete union, but 
with the characteristic deformity of outward bowing of the thigh and inward rotation of 
the lower fragment. The factor of blood supply is especially important in fractures situ- 
ated where there is little surrounding vascular tissue, and consequently limited blood 
supply. This situation is found in the lower half of the tibia, and in this region there is 
a large percentage of delayed union and non-union. 

* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs. Virginia, 
June 1, 1944. 
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METHOD OF TREATMENT 

In view of the experience with our own cases and with those patients who have come 
.0 us from elsewhere, we feel that nature will do a great deal, if given a reasonable chance 
by the preservation of length and alignment, and by the restoration of function. The out- 
) come will be better with conservative methods, as far as the healing time, the comfort of 
the patient, and the end result are concerned; certainly the chance of complication is 
much less. There are serious dangers in radical treatment, but one must admit the neces- 
sity and advantage of certain forms of internal fixation in selected cases. Undoubtedly 
, there are many patients who have suffered the effects of radical treatment in inexperi- 
enced hands. The authors believe in the use of internal and external skeletal fixation of 
fractures as an unavoidable necessity in certain cases, rather than as a routine method of 
choice. Its use in no way speeds the time of union of the fracture, and often delays it. 
Skeletal fixation is necessary when it is impossible to hold the fragments in position in 
any other way ; its employment usually means quicker evacuation of the patient from the 
hospital. However, in all cases, continued and, if necessary, prolonged immobilization is 
urged; and early weight-bearing, regardless of mechanical fixation, should be discour- 
aged. It should be noted that our observations ’ are not based upon our own experience 
with respect to skeletal fixation, but upon the results noted by us in referred cases treated 
by others. 


RESULTS 

The series of cases considered and tabulated here includes 149 consecutive cases of 
fracture of the tibia and fibula, and 107 cases of fracture of the femoral shaft. They were 
practically all among civilians, rather than war injuries. 

Twenty-five cases of fracture of the tibia and fibula have been eliminated, because 
the patients were under fifteen years of age; the average age was nine and a half years, 
and the average healing time was seven and a half weeks. Thirty-six cases of fracture of 
the shaft of the femur have also been eliminated, because the patients were under fif- 
teen years of age ; the average age of this group was six years, and the average clinical 
healing time was four weeks. The average time of healing, as shown by roentgenogram, 
for all groups was nine weeks. 

Fourteen adult patients were eliminated from each group because of (1) failure to 
return for final observation, (2) amputation, or (3) death resulting from fracture or other 
complications. There remain for further analysis 110 cases of fracture of the tibia and fib- 
ula, the average age of these patients being forty-one years, and fifty-seven cases of frac- 
ture of the shaft of the femur, the average age of the patients being forty-two years. 

Clinical healing was determined by the lack of any evidence of mobility on manipu- 
lation and by the presence of palpable callus about the site of the fracture. Roentgeno- 
graphic evidence of union was determined by the presence of complete connective callus 
between the ends of the fragments. 

The grouping used in this analysis is that employed by Watson- Jones and Coltart. 

Group 1. Those cases in which immobilization was continuous. Casts were^ removed 
intermittently only for roentgenographic interpretation of progress. 

Group 2. Cases where traction was used as a primary measure and plaster casts were 
later applied. 

Group 3. In these cases, traction or manipulation led to the separation of the frag- 
ments to the extent of one-eighth to three-eighths of an inch. 

Group 4. Compound fractures, either of the minor or major types, without infection. 

Group 5. Definitelj' infected fractures (which included those reaching treatment 
after the safety period), those secondary to debridement, and those having delayed in- 
fection. 
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Fractures of the Tibia and Fibida 

The results obtained in fractures of the tibia and fibula are shown in Table I, which 
includes a comparison of our results with those of Watson- J ones and Coltart. 

The healing time, in relation to the location in the tibia, is shown in Table II. 

Whether the fracture was comminuted, transverse, oblique, spiral, or compound 
seemed to make very little difference in healing time, although the comminuted and com- 
pound fractures averaged a little longer (Table III) . 

Fractures of the Shaft of the Femur 

The results obtained in fractures of the shaft of the femur are shown in Table IV. 

Internal fixation was not used in any of our cases. Pin and bar fixation was used in 
only one. Russell traction was the most effective means of obtaining a good result, and 
it was used in all cases where manipulative reduction could not be accomplished. Its 
drawbacks are the time and patience required, and its necessities are plenty of good mole- 
skin adhesive and constant watching. Many poor results can be obtained by any method, 
if doctor and patient forget these elements or compromise upon them. The callus may be 
too little, and the time not late enough. 

The average hospital stay for patients wdth fracture of the femur was fifty-four days. 
The average stay for forty-six adults_^ in traction was seventy-three days. The average 
stay for eight patients in skeletal traction was sixty-eight days. (For thirty-three chil- 
dren in traction, the average stay in the hospital was forty and six- tenths days. Two 
children in skeletal traction remained an average of fifty-six days.) 

Fractures of the lower third of the shaft of the femur seemed to heal more rapidly 
than those in the middle and upper thirds. The upper third was the slowest to heal and the 
most difficult to manage, in spite of the fact that it was never possible to create distraction 
in this area (Table V) . 

In Table VI an analysis is made of the time element in healing of fractures of the 
femur in relation to their anatomical and physical types. Transverse, oblique, spiral, 
comminuted, and compound fractures are considered. 

CONCLUSIONS 

1. The long bones of the lower extremity are the biggest and strongest bones in the 
body. The force required to break them must necessarily be great, and the damage taking 
place at the time of injury is not only in the bone, but in the surrounding tissues. The 
speed of healing of fractures is usually proportionate to the amount of available circula- 
tion to and between the fragments. 

2. In spite of the foregoing deduction, all the causes of delayed union and of non- 
union have not yet been determined. 

3. The percentage of delayed union and non-union in fractures of the femur is not 
so great as in fractures of the tibia. 

4. There are more cases of delayed union and non-union in the middle third of the 
tibia than in the upper and lower thirds. 

5. The majority of our patients received some form of calcium therapj'' during tlieir 
fracture treatment, with little recognizable effect on the end result. 

6. In the instructions to patients and students, due consideration should be given to 
the slowness and uncertainty of the healing of fractures of the tibia and femur, so that 
patients may be prepared for the long period of time possibly necessarj" for the healing of 
these fractures. 

7. The use of skeletal traction and the use of internal or external skeletal fixation in 
no way speeds the healing time of bone, and in some instances retards it, because of dis- 
traction, infection, or the osteolytic effect of the metals used. 

8. In the series of cases here presented, circumstances in some instances necessitated 
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the use of skeletal traction, plating, and external fixation (Haynes) . In none did we feel 
that the results obtained by such methods were in any way superior to those of conserva- 
tive treatment, when alignment could be maintained even at tlie expense of a loss of length 
of as much as three-quarters of an incli. 
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ECHINOCOCCOSIS OF BONE 

BY BECKETT HO^VORTH, M.D., XEW Y'OBK, X. Y. 

HISTORY' 

Echinococcus disease is mentioned in the Talmud, and was known to the early Jews 
through their sacrificial slaughter of animals. Hippocrates, Aretaeus, Galen, Rhazes, and 
several physicians of the seY’enteenth century refer to it. Redi, in the latter period, dem- 
onstrated its animal origin, and Goeze, in 1782, accurately described the cysts and the 
tapeworm heads. Von Siebold (1852) infected dogs from hydatid cysts, and proved the 
relationship between the larY'a and the adult taenia. Leuckart, in 1876, described the 
complete life historj'" and morphologj' of the parasite. Dm-e, in 1901 and subsequentlj'’, 
through his e-xperimental, clinical, and pathological studies of the disease and the para- 
site, added greatlj' to our knowledge. He produced the disease in the rabbit by direct 
inoculation. Dew, in his book (1928) and various articles, has given a Y'erj- thorough ac- 
count of the disease, and of its occurrence in Australia. 

The North American literature begins with the report of Osier, who, in 1882, re- 
viewed sixty-one American cases, one-third of them of foreign origin. He was unable to 
find the taenia echinococcus in dogs, but found it in cats, and one of his students found it 
in ten of 270 hogs examined. He pointed out the relation of echinococcus disease to 
drinking water. Sommer, in 1896, rcY'iewed the hundred cases to that date. Lyon, in 
1902, gave a third statistical study of the disease, listing 241 cases, 135 of which were his 
own, the origin of the patients, and the sources of the disease. Rilejq in 1933, discussed 
the reserY'oirs of echinococcosis in Minnesota, and mentioned the finding of echinococcus 
cysts in six out of thirteen moose examined. IMagath, in 1937, in a discussion of the dis- 
ease in the United States and Canada, found a total of 482 reported cases, most of them 
in foreign-born patients who had acquired the disease before coming to this continent, 
and added ten cases diagnosed at the Mayo Clinic. He reported nineteen cases of United 
States origin, and three of Canadian, the first case being found in 1900 in each countrj'. 

BOXE IXVOLYTEMEXT 

According to Gangolphe, bone invoh'ement with echinococcosis was first mentioned 
by van Wy in 1786, then by Y'an der Haar, in 1800, followed bj' Cullerier, in 1806, and 
by Chaussier in 1807. Webster, in 1819, reported from London a case of tibial inY'olve- 
ment. Keate, in 1819, reported the disease in the frontal bone of a girl of eighteen, whom 
he operated upon twice, and who recovered. Other earlj’’ bone cases were reported bj’ 
Barckhausen (in 1819), Wickham (in 1827), Ollivier, D’Angers, Cooper, Dupuytren, Be- 
rard (in 1851) , Albanese, and Kiister. 

There are numerous cases of echinococcus disease of bone in the world literature, 
largely individual case reports. Reczey, in 1877, listed thirtj'-three bone cases. Gan- 
golphe, in 1886, reYuewed fifty-two cases and wrote an interesting monograph. Bauer, in 
1913, summarized the 243 cases previously collected by Gangolphe, Titoff, and Reich; 
and Pasquali, in 1930, collected 406 additional cases. Greenway, in 1922, reported nine 
bone cases from Argentina; Pessano, in 1933, twenty-eight cases from that country'; and 
Toole, in 1930, nine cases from Greece. Desplas, Boppe, and Bertrand, in 1924, tabulated 
fortj'-three peh'ic bone cases; and, in the same j-ear, Costantini reviewed fifty-three 
cases. Kienbbch, in 1933, collected eighty-six cases and included them in an interesting 
monogra]ih. Grisel and Deve, in 1929, listed 190 spine cases. There is considerable over- 
lapping of cases in the various summaries, and the diagnosis was not fully established in 
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all of the cases, but it seems safe to say that up to the present time there may be approxi 
mately 1,000 cases of echinococcosis of bone reported in the world literature. 

The first case of bone involvement in North America was reported by Woods in 189! 
(humerus), and it was included in the review by Lyon in 1902. AValker and Cummins, ii 
1917, reviewed eighty-eight cases of bone involvement in the world literature and addei 
a second North American case (tibia) . The third was reported by Hines in 1926 (verte 
brae), the fourth by Stone in 1930 (pelvis), and two additional pelvic bone cases b; 
Coley in 1932. The author, in 1932 and 1938, presented at the New York Academy o 
Medicine the seventh case (femur) , which is more fully reported herewith. Sinberg, ii 
1936, reported the eighth North American case (sternum) ; in the Case Records of th 
Massachusetts General Hospital, in 1939, the ninth was reported; and Hood, Lambert 
and Thomas reported the tenth (pelvis) . The case reported herewith is unusual becaus 
it is one of the ten North American cases, the first with femoral involvement, and the onb 
known instance in which the cavity was Riled witii hone chips after removal of the cyst 

ETIOLOGY AND DISTRIBUTION 

Echinococcus disease is endemic in every continent of the world, and is especiall} 
common in Australia, New Zealand, South America, Siberia, North Africa, Asia Minor 
the Balkans, and Iceland. Its prevalence bears a very close relationship to the proportioi 
of sheep to the local population, and to the frequency with which dogs eat the viscera oi 
sheep. The dog is the chief definitive host for the taenia, but it has also been found ir 
some of our wild animals (wolf and jackal). The intermediary hosts are sheep, goats 
hogs, cattle, and moose. The ova are shed in the faeces of the dog, which may be eaten bj 
hogs, or may be deposited on grass eaten by sheep or cattle, or in water drunk by animals 
or man. The ova may be transmitted directly from the dog to the hands of man (espe- 
cially little children) , and thence to his mouth, particularly when he does not wash be- 
fore eating. The presence of the disease in man depends upon his putting his hand to his 
mouth, or upon eating uncooked food, or drinking unboiled Avater contaminated by doj 
faeces, and is therefore directly related to and controllable by his sanitary habits. The 
disease in the dog is dependent upon his eating the infected viscera of sheep or of other 
animals, and can be controlled by destroying these viscera, or by keeping dogs from 
them, — that is, by sanitary control of slaughter houses. The Federal Meat Inspection 
Service, in 1924, found hogs infected in the ratio of one to 2,500, and sheep one to 60,000; 
but, in 1935, cattle were found to be infected in the ratio of one to 513. The Bureau of 
Animal Husbandry reported an incidence of 3.2 to 10,000 for cattle and 5 to 10,000 for 
calves in 1941. These infections probably were obtained through wild animals, as only 
one authentic case of dog infection has been reported in this countiy, largely due to the 
elimination of dogs from slaughter houses. The prevalent “black market”, due to the 
AVar, may easily result in a reversal of this situation. The present moAmment of military 
forces and populations over the face of the earth, and poorer sanitary conditions in cer- 
tain areas, Avill certainly result in an increase of the disease, even among our own forces. 

The six-hooked echinococcus embryo measures about thirty-five micra and is coA'-ered 
by a chitinous envelope, resistant to exposure. The embryo loses its euAmlope in the up- 
per intestine of the intermediary host. It bores through the intestinal AA^all to enter a vein, 
AAdience it is carried by the portal vein to the liver. The majority of the embryos remain 
in the liver, but some of them pass through the liver. Most of these are filtered out in 
the lungs. A few pass through the vessels of the lungs and lodge finally in the muscles, 
spleen, kidney, or bone. Thus about 75 per cent, of human lesions are found in the liATi, 
15 per cent, in the lungs, 2 per cent, each in the kidneys and the spleen, 4 per cent, in 
muscle, and 1 per cent, in bone. 

The embryo proAmkes a cellular reaction in the tissues, — mononuclear, eosinophilic 
and fibroblastic, with occasional giant cells. The embryo develops rapidly (in about 
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three weeks) into the larva, a cyst containing hydatid fluid and surrounded by a lami- 
nated wall, the result of intracystic pressure. The wall prevents the leakage of the specific 
fluid which excites the reaction in the host tissues, whereupon the reaction ceases, and the 
host tolerates the parasite. The wall consists of an outer laminated hyaline membrane, 
and an inner germinal layer, which lodges the brood capsules, filled with scolices. The 
fluid is a buffer, and is the ‘source of nutrition for the scolices. It contains sodium chlo- 
ride (0.6 to 0.8 per cent.) and a small amount of coagulable protein (albumin) . There 
are usually thousands of brood capsules in a single cyst, white opaque granules just vis- 
ible to the naked eye. The buds in the capsules develop into the scolices, with suckers, 
booklets, and contractile tissue. There may be daughter cysts inside the mother cysts. 

The dog is infected by eating the viscera of the sheep, pig, or cattle. The ingested 
scolex develops in the intestine of the dog into the mature cestode, a worm three to six 
millimeters in length, with three or four segments. One dog may harbor thousands of 
worms. The terminal segment houses the uterus, in which 500 to 800 ova soon develop. 
These mature segments are discharged in the faeces of the dog, and the life cycle of the 
parasite is thus continued. 


DIAGNOSIS 

The symptoms of echinococcus disease in man depend upon the size and location of 
the cyst, or, more often, upon leakage or rupture of its contents. Pressure symptoms are 
uncommon in the liver, lungs, kidneys, spleen, or bone. A cyst of a skeletal muscle is 
likely to be disturbing cosmetically rather than otherwise. Leakage from the cyst usually 
causes sudden and often serious symptoms. There may be an immediate anaphylactic 
reaction, or the disease may spread directly into neighboring tissues, especially body cav- 
ities such as the peritoneum, or in the blood and lymph streams to a more distant organ. 
Rupture of the cyst sometimes results in its death, especially if the rupture is external and 
complicated by infection. Inflammatory symptoms follow infection. Anaphylaxis is due 
to absorption of the specific hydatid protein in a previously sensitized patient, and may 
cause dyspnoea, cough, cyanosis, cardiac anxiety, fever, urticaria, pruritus, vomiting, pul- 
monary oedema, and even delirium. 

Bone involvement occurs in about 1 per cent, of cases of echinococcus disease. The 
larger series of cases reported show that the pelvis is involved in about 36 per cent., the 
spine in 18 per cent., the sacrum in 11 per cent., the femur in 17 per cent., the tibia in 9 
per cent., and the humerus in 10 per cent. Pain is the most common sjmptom of bone in- 
volvement, and is due to leakage or to pathological fracture. Rupture or pathological 
fracture may be followed by infection, with pain, swelling, redness, and tenderness; how- 
ever, a mass may be noticed before the onset of pain. The mass is rounded but somewhat 
irregular, usually firm or hard, but sometimes semifluctuant, not tender unless infected, and 
attached deeply and firmly to the bone. Motion may be limited and painful, if the mass 
is near a joint. The inflammatory signs are present, if the cyst is infected and near the 
surface. The signs of fracture, bony deformity, false motion, crepitus, and disability, may 
be present with this complication. A vertebral lesion may cause pressure upon the spinal 
cord or cauda equina, with spastic or flaccid paralj^sis, while the spinal fluid below the 
lesion may have a high protein content, and there may be a partial or complete block. 

LABOR.\TORY FINDINGS 

The laboratorj’- may be of considerable help in confirming the diagnosis. Scolices, 
booklets, or fragments of laminated membrane may be found in the sputum, urine, or 
faeces after rupture of a cyst. Three immunological tests, dependent upon antibody re- 
action, are usually positive if properh* done, unless the cyst has remained completely 
scaled, or is dead. The intradermal test of Casoni is positive in about 95 per cent, of cases. 
This test was further developed by Dew, Kellaway, and ‘Williams. 
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A more convenient test is that of Culbertson and Rose, utilizing the antigen of a 
related cestode, dipylidium caninum. Neither test is specific for the particular type of 
cestode. 

The complement-fixation test (Ghedini; Weinberg; Fairley), with fresh hydatid 
fluid from sterile sheep cysts, is positive in about 90 per cent, of cases, depending upon 
whether the cyst is ruptured or infected within the previous two months. It will be nega- 
tive within one year after complete eradication of the disease. The precipitin test, done 
with the cyst fluid of the sheep, is less dependable (Fleig and Lisbonne; Sachs-Georgi; 
Bryce, Kellaway, and Williams). Eosinophilia of 20 to 50 per cent, is common, depend- 
ing upon leakage of the cyst contents. 

Aspiration or puncture of the cyst yields the characteristic fluid, and often scolices 
or fragments of laminated membrane, but should not be practised because of the dangers 
of sensitizing the patient, of anaphylaxis if he is already sensitive, or of producing sec- 
ondary cysts by implantation of the scolices which escape into the tissues. The fluid is 
clear and limpid, or milky, unless stained by other fluids. The scolices are white granules, 
just visible to the eye. Daughter cysts are milky white, opalescent, semitransparent, and 
hollow. 


ROENTGENOGRAPHIC FEATURES 

The roentgenogram may be of great value in demonstrating the presence and loca- 
tion of the lesion, but may not indicate its nature.^’’'*” The cyst is somewhat radi- 
opaque (of muscle density), because of its saline content, and will be seen readily in the 
lung fields, but it may not be distinguished in the abdomen. The bone lesions are polycys- 
tic, with fairly sharp margins, but without productive reaction or regional or subperios- 
teal decalcification unless infected. They must be distinguished from giant-cell tumor, the 
cystic type of tuberculosis of long bones, malignant tumor, osteomyelitis, and osteitis 
fibrosa cystica. The surrounding bone is thinned and may be even expanded or ruptured 
by the pressure of the lesion. Arterial occlusion results in necrosis, and small sequestra 
may be seen. Fracture through the involved area is not infrequent, and non-union often 
results. 


■ DIFFERENTIAL DIAGNOSIS 

Thus the differential diagnosis depends largely upon the possibility of echinococcus 
disease, upon the laboratory tests, and upon the roentgenographic appearance. A nega- 
tive Mantoux test will rule out tuberculosis. Calcium, phosphorus, and phosphatase de- 
terminations may help in distinguishing osteitis fibrosa cystica, or Paget’s disease. The 
white blood count, the. erythrocyte sedimentation rate, and the temperature distinguish 
osteomyelitis (except cysts with secondary infection) . The slow, silent course is indica- 
tive of echinococcosis rather than of malignancy. 

TREATMENT 

The treatment of echinococcosis of bone is unsatisfactory. No drug has been found 
which will safely kill the parasite, by any method of administration. Roentgenotherapy 
has probably never destroyed the parasite. Excision of the cyst, with or without exteri- 
orization (marsupialization) , has been the most successful treatment. Removal of the cyst 
carries the risks of anaphylaxis and of implantation at the time of operation. If the pa- 
tient is already sensitive, leakage of fluid at the time of operation may result in an ana- 
phylactic reaction. If he is not sensitive, he may be made so; and if there is another cyst 
in his body or a recurrence, the danger of anaphylactic reaction persists. Recurrence may 
be due to incomplete removal of the cysts, or new cysts may develop from implantation 
at the time of operation. 

A technique has been devised by Deve for sterilization of the cyst immediately be- 
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fore operation to prevent implantation or recurrence. The cyst is packed off, aspirated, 
and injected ivith 2 per cent, formalin in amount equal to the aspirated fluid. After five 
minutes the formalin is withdrawn and the cyst is excised. (The formalin does not usu- 
ally sterilize daughter cysts, which must be removed completely to prevent recurrenee.) 
Twenty cubic centimeters of formalin and ten cubic centimeters of acetic acid are mixed 
with two grams of a solution of potassium ferrocyanide in 970 cubic centimeters of dis- 
tilled water, and sterilized ten minutes at 105 degrees Fahrenheit. The solution is in- 
jected after the aspiration. The method has been further modified to prevent anaphylaxis 
or recurrence. 

Local excision of echinococcus of bone and muscle has often been unsuceessful, either 
because of incomplete removal, or implantation. Marsupialization has not been practised 
for im'olvement of the extremities, although it might be advisable in selected cases. Am- 
putation of the involved extremitj’’ has removed the localized disease, when done well 
above the involved area, and is often the method of ehoice. Lesions of the spine or pel- 
vis have occasionally been excised with good results, but more often complete excision is 
impossible. Possibly, in such cases, if the lesion is single, sterilization alone would be suf- 
ficient, or marsupialization with instillation of a sulfonamide. Amputation was refused in 
the case here presented, whereupon local excision was attempted, and bone chips were 
packed into the cavity. 


CASE HEPORT 

A laborer, born in Southern Italy, emigrated to the United States in 1919. He came to the New York 
Orthopaedic Hospital m Februarj', 1932. He was then forty years of age. He complained of pam in the 
right knee of four months’ duiation. Onset of pain had followed a fall in which his knee had been 
twisted. At that time, he was taken to an orthopaedic hospital where a roentgenogram was reported 
negative, and baking was given. The knee had remained sn’ollen, stiff, and painful, requiring him to re- 
main recumbent for two and a half months. An aspiration was done at another orthopaedic hospital 
three months after the onset, but no roentgenogram was made at that time. When he was admitted to 
the New York Orthopaedic Hospital, four months after onset, he still complained of sivelling, but the 



Fig. 1 -A Fig. 1 -B 

Doecmbei IS, 1931 . Roentgcnogiams of right knee show large polycystic le-ion of lateral femoral con- 
dyle with sharp maigins, and .'-mailer cy.-ts above intercondylar notch; ero-ion po-tcnor to notch and 
possibly at distal lateral margin of lateral condyle; and moderate den-e sivcIling of caji-aile. No pro- 
ductive or periosteal reaction is apparent. 
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Fiq. 2- a 

March 18, 1932. Qysts in lateral cond 3 'le have been partiallj' removed. There is air in the bone cav- 
ity and soft tissues about the lower femur. 

pain and stiffness were less marked. He had had no previous trouble with the knee except a “sprain” 
eight years previouslj’', from which he had fullj'- recovered. He had had no cough and ha*d not lost 
weight. (It is of interest that two of his small children had been recent!}' treated for tuberculosis of the 
spine.) 

Ph 5 '’sical examination was negative, except that the right knee was moderately swollen, because of 
fluid in the joint. The tissues in the popliteal region and proximal to it were thickened. There was full 
extension, wdth flexion to 80 degrees without pain or spasm. Slight tenderness was present about each 
femoral condyle; the ligaments were slightl}' relaxed. He had a mild limp. 

The Wassermann test was negative; the Mantou.x, positive. The leukocyte count w'as 10,000, 'with 
70 per cent, polymorphonuclear leukocj'tes, and 1 per cent, eosinophils. The red cell count was normal, 
and the urine negative. Roentgenographic examination revealed a poljdocular C 3 'st of the lower end of 
the femur with several perforations of the cortex. There w'as no marginal condensation and no e.xpan- 
sion. Roentgenograms of the pelvis, of the spine, of the abdomen, and of the lungs were negative. 
Giant-cell tumor, chondrosarcoma, and tuberculosis w'ere considered possibilities. 

An exploration -was performed in March 1932. An incision was made just above the lateral femoral 
cond 3 de, avoiding the joint. Beneath the fascia of the vastus lateralis a cavit}' w'as encountered, contain- 
ing 200 cubic centimeters of thick, light yellow', highl}' retractile liquid, resembling semisolid fat. This 
cavit}' communicated wdth the interior .of the femoral cond 3 de through a cortical perforation. It was 
lined with a tough, gra}^, rugose membrane, one-eighth of an inch thick, and had many subsidiar}' 
pockets, formed b}^ sharp-edged crisscrossing bands. 

The bony cavit}' wms similar to that seen in the roentgenogram, the shell laterally being ver}' thin. 
It’ W'as filled wdth ovoid, transparent, gelatinous masses about one-half an inch in diameter. There was 
a thin, incomplete, 3 yellow'-gra 3 y lining. Frozen section was reported to show chronic inflammation. The 
contents of the cavities did not resemble anything an}' of us had seen before, but suggested the likeli- 
hood of an echinococcus C 3 yst. 

The caidty in the popliteal region was thoroughl}' cleaned out, and that in the bone scooped out 
as well as possible wdthout breaking dowm the bon}' partitions. Because of some uncertainty as to the 
diagnosis, it w'as considered umvise to do a more extensive procedure at this time. The w’ound was 
closed, and healed per primavi. The postoperative course w'as uneventful. 

Cultures gai'e no grmvth. Tw'o guinea pigs w'ere inoculated and eventually killed, but no disease 
was found. Microscopic examination of the fresh contents of the cyst revealed structureless stratified 
layers of amorphous material, associated w'ith fatty-acid crystals. Sections of the bone showed a rarefy- 
ing osteitis with chronic inflammation and foreign-body giant cells. The soft tissues were bounded by 
granulation tissue ivith many foreign-body giant cells in the superficial layers. Specimens w'ere seen by 
Dr Stewart of Memorial Hospital and Dr. O’Connor of Rockefeller Institute, w'ho made a diagnosis 
of hydatid cyst. 

Amputation was advised, as the possibility of curing the lesion seemed remote, but the patient 
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refused. Resection of the involved bone seemed hopeless. Accordingb’, the cavities were again exposed 
for a more thorough curettage, and for the insertion of bone chips. The soft-tissue ca%-itj- had shrunk to 
one-third its former size. Both caxdties were filled with old blood. Xo new gelatinous masses had 
formed, but a number of pockets remained in the bone. These v ere thoroughlj’ curetted, and the ca^itj- 
nas carefully and completely swabbed with pure phenol, then with alcohol, and was finallj" curetted 
again to bare bone. The cavity was filled with medium-sized chips from the tibia, 250 cubic centimeters 
of bone chips being required. A long leg cast was applied, as the remaining bone was quite thin. The 
wound healed per primam. 



! 


Fig. 3-A Fig. 3-B 

May 4, 1932. Bone ca\ ities have been fully excised and snugly packed with numerous small chips. 
The air has disappeared. 



Fig. 4-A 



f 

\ 



Fig. 4-B 


July 2S, 1933 Chips have coalesced and caviUes ha% e been obhterated, except for several small areas 
near lateral and distal margins of lateral condyle. 
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Seven weeks after the operation tliere was no tenderness, redness, s^veiling, or joint fluid. Tiie range 
of fle.\-ion was 180 to 115 degrees. There was no induration about tlie wound, nor was there any popliteal 
mass. Weight-bearing was begun at this lime. Five weeks later, the fle.vion Jiad ineieascd to GO degrees. 
Seven months after the operation, the patient had no pam or fatigue and was active without handicap. 
He could walk several miles, and had no limp or limitation of motion. There was moderate joint fluid 
and periarticular thickening, and slight w'armth. There wnis no pain, tenderness, or .spasm. Fle.xion ivas 
180 to 45 degrees. No lecurrcncc of the disease could be seen by roentgenogram. Gradually the chips 
became more confluent. 

One and one-half j^ears after the operation, the .swelling of the knee increased, and a.spiration 
yielded fifteen cubic centimeters of glairy, sparkling, j'cllow fluid. The .swelling and thickening per- 
sisted, and there W'as some disability. It appeared definite that the knee joint was involved. 



Fig. 5-A Fig. 5-B 

September 17, 1934. Further coalescence of chips is eiddent. 



Fig. 6-A Fig. 6-B 


c;„„ip,nher 17 1935. Roentgenogiams taken before sj-novectomy show thin joint .space and marked, 
deSe Sing of capsule. Lesion in femur is unchanged. 
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Itt September 1934, two and a half j-ears after the first operation, the knee joint was explored. 
One hundred cubic centimeters of cloudy, yellow fluid, with fibrin flakes and masses, were obtained. 
The sjmovial membrane was pale red. ^^illous processes were free in the Joint. Extending from the 
Euperomedial corner of the suprapatellar pouch, into the middle third of the thigh, was a prolongation 
of the cavity, with dirty gra 5 ' walls. The femoral articular cartilage and the medial meniscus were de- 
generated, but were not involved by the disease. A complete anterior sjmovectomy was performed, 
including the menisci. The wound healed per primam, and the patient began walking in ten da 3 's, with 
30 degrees of motion. 

Microscopic examination showed a thick sjmovial membrane, with numerous villi, and a dense 
fibrous-tissue base with manj' foci of Ij'mphocj'tic infiltration. There were manj’ cj'stlike structures of 
various sizes. These exhibited walls made up of an outer lajmr of fibrous connective tissue, an inter- 
mediate lajmr of epithelioid cells and giant cells, and a partially detached inner layer of laminated 
cellular acidophilic membrane. Some of the cavities contained firmlj' granular material. Numerous less 
fullj' developed tubercle-like structures appeared to be earlj' stages in the evolution of the cj'st. 

For one j'ear following sjmovectomj’ the patient had no pain, little disabilitj', and good motion, but 
he had moderate relaxation at tlie knee. Then the swelling increased, the knee became weaker, and his 
limp became troublesome. Motion was limited to 75 degrees. There was moderate fluid and thicken- 
ing; the knee was warm, and the veins were swollen. Roentgenograms revealed activitj' in the bone 
lesion, with effusion in the knee. Amputation was advised, but was refused. In Januarj' 1938, three 
j'ears and four months after sjmovectomy, the knee was still worse. Roentgenograms (Figs. 7-A and 
7-B) shoived increasing involvement, and amputation was again advised. A few daj's later, six j-ears 
after the original operation, he sustained a pathological fracture through the cyst in the lower femur 
and developed a severe anaphjiactic reaction. He was taken to a hospital in Brookljm where amputa- 
tion was performed. Request for half of the specimen was not granted. 

The patient was last seen in October 1942. The amputation stump was well healed, and there was 
no evidence of echinococcus disease in the stump, or elsewhere in his bodj'. He died of cardiovascular 
disease in July 1943. 

SUMMARY AND CONCLUSIONS 

The development of our knowledge of echinococcus disease has been outlined, and its 
etiology and distribution have been described. The disease is rare in this country, but not 
uncommon in other areas, and its increase may be expected because of conditions growing 
out of the War. Its diagnosis, especially in bone, is not difficult, if its possibility is real- 
ized, and if proper laboratory tests and roentgenograms are made. Treatment has been 
unsatisfactory to date. Marsupialization or sterilization of the cyst sometimes may be 



Fig. 7-.A Fig. 7-B 


Jammrj' 15. 1938. Moderate de.'.truction of both femoral condyles lia^^ orciirrcd. o-qiecially di-tally. 
with erosion and collapse of the cortex di'tallj' and po-tenorlj'. Soft-ti-siie '-vielhnc i' \ erj- marked an<i 
cicn«;e. 
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successful. Roentgen radiation has failed. Removal of the entire diseased area has re- 
moved the disease, but is mutilating. Insertion of bone chips will not be successful, un- 
less the disease has been eradicated. 
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ANALYSIS OF ONE HUNDRED CONSECUTIVE ARTHROTOMIES FOR 
TRAUMATIC INTERNAL DERANGEMENT OF THE KNEE JOINT 


BY G. T. DU TOIT, M.D., AND T. B. ENSLIN, M.D., JOHANNESBURG; SOUTH AFRICA 

From the Chamber of Mines Hospital, and the Department of Orthopaedic Surgery, 
Witwatersrand University, Johannesburg 

INTRODUCTION 

This analysis is based on selected clinical material in the files of a mutual assurance 
company, existing primarily for the benefit of mine workers. So much in advance of exist- 
ing legislation and state hospitalization has been the medicolegal and industrial-surgical 
practice of this company, that many of the recent advances in medicine in South Africa 
can now be traced to its progressive methods. 

MATERIAL 

In the especially designed industrial hospital in which this study was undertaken, 
the major traumatic surgery for 40,000 European male employees is carried out by a staff 
of full-time and part-time salaried specialists. Clinical records are dictated at the time of 
examination, operation, and follow-up examinations, and are then typed, filed, and cross- 
indexed. 

Of some 8,000 injuries reported during a year, a considerable number are knee in- 
juries, — such as penetrating wounds of the joint, contusions, fractures, and ligamentous 
injuries. For the purposes of this investigation, 100 consecutive arthrotomies for trau- 
matic internal derangement performed during 1939-1940 were chosen. This number rep- 
resents only about one-third of the arthrotomies performed during that time, but the 
series has the virtue of having been dealt with according to a pre-arranged routine of ex- 
amination, operation, and after-treatment by one surgeon (G. T. du T.) . Final assessments 
of disability were made by the surgeon, affirmed or altered by the senior consulting sur- 
geon, and checked by the administrative medical officer and his staff. 

Most of the employees worked underground at deep rock mining, which involved 
travel by cage down to 6,000 feet, crawling on hands and knees in low stopes twenty-eight 
inches high, and sliding along on bellies or buttocks over wet, irregular, slippery rock faces 
which slope up to 40 degrees. They wore heavy leather boots with metal-studded soles; 
any other footwear was forbidden by regulations. Hazardous barring down of unsafe rock, 
dodging of falling rock, moving scrapers, cocopans, slipping on wet metal rails or wooden 
supporting sprags, — all constituted special dangers and required normally functioning 
knees. 

An injured miner who feels himself unable to carry on does not hesitate to report him- 
self sick, since adequate medical attention, plus 60 per cent, of his wages, as well as subse- 
quent surgical attention by a specialist, is provided. Following operation, an ex gratia pay- 
ment in cases not entitled to permanent disability benefit compensates for most of the loss 
of wages. 

Arthrotomy was not performed until a definite diagnosis of internal derangement had 
been made. Doubtful cases were treated conservatively by physiotherapy, pending later 
re-assessment. Very few of these men were allowed back underground for a trial period, 
while the diagnosis was uncertain. 

ROUTINE OF EXAMINATION 

For the purpose of c.xamination, the patient was stripped and drc.s.scd in a pair of 
trunks. The following points were tested by the surgeon and recorded by a typist. This 
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was found to be the only accurate method of keeping records of the examination. The 
findings of the normal knee were used as a control wherever possible. 

Passive extension was tested by forcing the knee into full extension, and noting the 
site of the pain. Loss of full extension was never found to be painless. 

Passive flexion was tested by pushing the patient’s heel to his buttock. Limitation of 
this movement was rarely significant, since even slight effusion produces such limitation. 

Eflusion was tested by fluctuation and patellar tap. 

Patellojemoral crepitation was determined by moving the patella up and dowm, and 
sideways on its femoral groove. 

Johit crepitation was discovered by moving the joint in the normal manner without 
weight-bearing, and by palpating the joint during the proeess. Very frequently, the patel- 
lofemoral crepitus would be present with a perfectly smooth main joint. 

The tibial collateral ligament was tested in full extension by passive'straining of the 
fully extended knee joint, and degrees of laxity w'ere assessed with a -j-, indicating the 
minimum undue laxity, and -f--l--|- indicating a complete rupture. 

The fihnlar collateral ligament was examined in the same manner. 

The anterior and posterior cruciate ligatnents were tested with the patient lying on 
his back, the knees flexed to a right angle, and the surgeon sitting on both feet of the pa- 
tient and rocking the head of the tibia backward and forward. Undue forward sliding of 
the tibia was interpreted as anterior cruciate laxity, and undue backward displacement of 
the tibia as posterior cruciate laxity. It was kept in mind that during these tests' the mus- 
culature had to be completely relaxed. This was usually effected by drawdng the patient’s 
attention to something else. The absolute absence of laxity was called normal, but there 
can be no doubt that knees, capable of perfect physiological function, may nevertheless 
have slight anteroposterior mobility according to this test. Such knees w'ere classified 
under -1- laxity. At operation, it was discovered on several occasions that complete rup- 
ture of the anterior cruciate ligament had only been given -f-h, instead of -(- + -1-, at pre- 
operative examination by several observers. Attention is drawn to the fact that w'hen the 
collateral and posterior cruciate ligaments are intact, complete rupture of the anterior 
cruciate may be masked to a certain extent. 

Internal Rotation of the Tibia: This manoeuvre was first demonstrated to the authors 
by Fouche, who has taught it to several generations of surgeons. It has been a source of in- 
terest to visiting military orthopaedic surgeons from abroad, and we have come to regard 
it as an invaluable contribution to the diagnosis of internal derangement of the knee. The 
test is carried out on the right knee, with the patient flat on his back on a couch, with his 
hip and knee fully flexed. The left fingers of the examining surgeon are held on the an- 
teromedial joint line, the right hand firmly grasping the patient’s right foot, which is used 
as a leA^er in internally rotating the tibia on the femur. The motion is carried through as 
a complete circumduction movement, starting with the knee fully flexed, and ending wdth 
it slightly flexed. The menisci move with the tibia, and the posterior end of the medial 
meniscus is nipped between the femoral and tibial condyles, the tendenej^ being for the 
femoral condyle to force the meniscus toward the center of the joint. It may move a 
small distance, and then slip back, producing an audible and palpable thud. With prac- 
tice, one is able to recognize this normal thud, and to distinguish it from other sounds. 
The sound which a torn meniscus may produce varies with the type of tear. From a 
grossly torn and frayed meniscus may be elicited a crunch or squelch; from a narrow 
bucket-handle strip of cartilage, a high-pitched click; or from multiple splits in the pos- 
terior part of the meniscus, a succession of clicks. A broad rim of meniscus which is partly 
loose may cause only exaggeration of the normal thud; while the reduction or the disloca- 
tion of a wide bucket-handle portion causes a loud crack and a jolt. This test should be 
distinguished from the iMcMurraj’' sign, in which the knee is held in full flexion, with the 
tibia in external rotation, and then gradually extended until a click occurs as the medial 
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femoral condyle crosses the lesion in the meniscus. The manoeinu’e we describe is just the 
reverse, in that it does not re-duplicate the strain which produces the original lesion, as 
the McMurray test is supposed to do. 

External Rotation of the Tibia: The manoeuvre for internal rotation of the tibia is 
reversed for the detection of lesions of the posterior half of the lateral meniscus. For this 
purpose it has been found to be of considerable value. 

Manipulation of the Knee in 20 Degrees of Flexion: This manoeuvre is carried out 
with the patient’s knee relaxed. The examiner puts one hand on either side of the joint, 
and circumducts the knee in a small circle, meanwhile holding his thumbs on the joint 
line on either side. Although the results of the previously described manoeuvre may have 
been negative, by this method, it is often possible to elicit thuds or clicks, due to tears sit- 
uated farther forward, near the anterior attachments of the menisci. 

Manipulation under Anaesthesia: This examination was rarely resorted to, and usu- 
ally gave very little help. When the diagnosis remains in doubt after adequate clinical 
examination, one feels safe in assuming that the internal derangement, if any, is not suf- 
ficiently severe to warrant arthrotomy. The surgeon can leaim to distinguish between the 
various sounds in the relaxed knee of a cooperative patient. The pain associated with the 
normal sound is usually of value in diagnosis, and anaesthesia robs one of this evidence. 
(Incidentally, a completely negative manipulation does not necessarily imply a normal 
meniscus, nor exclude the possibility of a completely displaced bucket-handle portion ly- 
ing in the intercondylar notch.) In a few cases where manipulation was not possible be- 
cause of the patients’ remonstrances, and where the evidence presented by the other signs 
and the history was inconclusive, subsequent events proved that operation was unwise on 
any grounds except an absolute clinical- diagnosis. When the diagnosis is uncertain, it is 
better to defer the decision. The pain in a fresh, severe injury may be genuine; but, in 
injured workmen, a certain amount of scrimshanking may be suspected. 

The site of pain in the knee was determined by asking the patient to point it out, and 
then testing individually the four attachments of the collateral ligaments, and the four 
quadrants of the joint line by direct pressure. Tenderness in the anteromedial joint angle 
is always a very significant finding, and will be discussed later in the paper. 

Crushing Sign: In testing for laxity of the collateral ligaments, it was soon discovered 
that pain was often elicited o^mr the torn medial meniscus by adduction of the tibia on the 
femur as a result of crushing the torn and painful tissue. Abduction in turn elicited pain 
when the lateral meniscus was torn. 

Mensuration: The routine measurements of the circumferences of the limbs were taken 
at points measured from the anterior superior spine, usually at the mid-thigh, supra- 
patellar, joint-line, and raid-calf levels, with the legs relaxed on the couch. With but one 
examiner, individual variations were excluded. 

Reflexes: Knee jerks, ankle jerks, and plantar response were tested as a matter of 
routine. 

The mouth and throat were always investigated for focal sepsis. 

OPERATIVE TECHNIQUE 

Preoperative skin preparation was carried out for seventy-two hours, as a gesture to 
the orthodoxy of surgical practice. The Avritcrs believe that joint surgery is safe through 
skin, thoroughly cleansed with soap and water twelve hours before operation, completely 
shaved, and prepared with any one of a number of skin antiseptics. In this series, tinc- 
ture o/racrthiolate was used for the final preparation, 70 per cent, alcohol being used for 
the previous five preparations. Since the work had a medicolegal aspect, it was felt that, 
in the event of septic complications of knee operations, the surgeon miglit not have the 
support of the “old school”, should the preoperative preparation dejiart radically from or- 
thodox practice. 


Tin; JouriN.u. of no.NK joint suncEnr 
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TABLE I 

Finding': Eevkm.ed dv MANiruiAxm: Ex.\mination in Se\tnty-Xine Cases 


Lesion 

Sound 

Diagnosed As 
Pathologic.al 

Sound 

Doubtful 

Soundless 

Manipulation 

Bucket-handle tear 

IS 

6 

23 

Posterior horn, marginal 

1 

0 

1 

Posterior horn, tag 

C 

1 

1 

Anterior horn, marginal 

2 

0 

0 

Anterior horn, tac 

1 

0 

0 

Multiple lesion:: 

5 

' 4 

4 

No tear 

2 ♦ 

1 -1* 

0 

Total 

35 

(44 per cent.) 

15 

(19 per cent.) 

29 

(37 per cent.) 


* In these cases the findings on manipulation were misleading. See Table VII. 


In the ward, a locked knee joint was invariably kept on a pillow in order to prevent 
ligamentous strain. 

General anaesthesia, a bloodless field, and a non-touch technique were employed 
throughout the series. A longitudinal parapatellar incision across the joint line was em- 
ployed for medial meniscectomy; and, for removal of the lateral meniscus, the oblique 
downward and forward incision, through the fascia lata, was found to give adequate ap- 
proach, to interfere least with the extensor aponeurotic structure, and to be easily sutured, 
the edges falling together when the knee was extended. 

Subcutaneous bleeding points were ligated. The infrapatellar branch of the saphe- 
nous nenm was invariably divided by medial incisions, and the anatomically constant ex- 
trasynovial arterj' (branch of the' highest genicular arterj') was sutured before the joint 
was opened. 

The incision into the sj’-novial membrane was made from the medial border of the 
patella to the tibial joint line, thus allowing adequate inspection of the joint. This inspec- 
tion was carried out in a routine manner by first noting the character of the fluid, then 
pulling on each meniscus with a blunt hook to test for mobility. By retraction the patel- 
lar articular surface was inspected directly for eAudence of traumatic lesions of the carti- 
lage. By retracting the infrapatellar fat pad, the opposite side of the joint was examined. 
In four cases in this series, it was impossible to see the lateral meniscus from the medial 
side because of an almost complete synoAual septum in the middle of the joint. 

In bucket-handle lesions of the meniscus, the peripheral margins were invariably dis- 
sected out also, in order to aA’-oid missing secondarj:^ longitudinal splits in the posterior 
third. After the peripheral synoAual attachment had been freed at its line of reflection with 
a straight tenotomy knife, the marginal portion could usually be displaced into the in- 
tercondjdar notch. 

When osteochondritis dissecans was discovered, a few drill holes were made into the 
bare-bone floor of the lesion. The wound was closed in layers, and a verj^ large wool dress- 
ing was applied in moderate tension. The dressing was designed for comfort, rather than 
for purposes of minimizing postoperative extravasation. 

Postoperative Routine 

The foot of the bed was raised on eight-inch blocks. On the second day, acti^'e foot 
and ankle movements were started, and 'on the third daj', active quadriceps contractions 
were begun. Straight-leg raising, ten times per hour, was initiated on the fourth day. and 
active flexion to the extent permitted by the dressing was allowed on the scA'enth day. On 
the twelfth day, the stitches were remoA'ed, and the patient was seated in a wheel chair. 
Thus the knee was unconsciously flexed to 90 degrees. The quadriceps drill was main- 
tained. The patient was usually able to lift his knee 200 times at a sitting on the four- 
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teenth day ; and beginning at this time, he was allowed to attempt walking with the aid 
of a cane. On the sixteenth or seventeenth postoperative day, the patient was formally 
discharged, but continued in daily attendance in the out-patient department, travelling by 
bus or tram to the hospital. From the fourth week, the patient was instructed to swim, 
ride a bicycle, do antigravity 'weight-and-pullcy exercises, or stationary row-boat exer- 
cises, and to walk several miles dail3^ Work was usually resumed at the end of the sixth 
or the seventh week. 

The follow-up of these patients depended upon the fact that each man rvas told that, 
if the knee gave any trouble whatsoever, lie was to report to the medical officer of his 
own mine, who wmuld then refer him to the head office for re-examination, further treat- 
ment, or final assessment of disability. It is norv four years since the last case in this series 
was treated. 


OPERATIVE FINDINGS 

Of the lesions found at operation, eighty-two were tears of the medial meniscus, nine 
were tears of the lateral meniscus, and three patients showed medial and lateral tears in 
the same knee. Two knees had discoid but untorn menisci, and there were four cases in 
which no lesion of the meniscus was discovered. 

Of ninety-seven torn menisci, forty-nine ivere bucket-handle. This high percentage 
(50.5 per cent.) is accounted for by the postponement of operation until diagnosis of 
meniscal lesion Avas quite certain. 

On the basis of systematic examination of intra-articular structures at operation, and 
of prompt recording of findings, we are able to state that multiple lesions ivere common, 
and often included traumatic degenerative arthritis. 

There were two patients ivith osteochondritis dissecans and many with traumatic 
lesions of the cartilage of the medial facet of the patella, — the so-called “hot spot”, asso- 
ciated with the name of Fouche, our pioneer orthopaedic surgeon. 


Diagnostic Sounds 

Manipulative examination revealed the findings in Table I. 

Pain 

Pain at the joint line was recorded in ninety-nine knees, — 198 medial and lateral 
sides. Ninety-six sides had torn menisci, and 102 had healthy menisci, as judged by op- 
erative and follow-up findings. Of the ninety-six torn menisci, ninety-three had pain 
over the same side, and three patients did not suffer pain. 

In six cases erroneous diagnoses -were made. This led to unnecessary arthrotomy in 
twm cases (one had pain at the medial joint line and a strained tibial collateral ligament, 
but no cartilage tear; the other had medial joint-line tenderness, a contused infrapatellar 
fat pad, and no cartilage tear) . An unnecessary extra incision was made in two cases 
(one had bilateral pain with a lateral cartilage lesion; the other had a tear of the lateral 
meniscus, strain of the tibial collateral ligament, and medial pain) . Two knees had dis- 
coid but untorn menisci. 

In four cases of bilateral pain, a unilateral lesion was diagnosed correctly from posi- 
tive manipulative findings, and preponderance of tenderness on the side of the lesion. In 
two cases, bilateral meniscal tears occurred with unilateral pain. 

In two cases, diagnoses of meniscal tears were made in spite of the absence of pain at 

the joint line. Both proved erroneous! r u , ^ 

Since tenderness due to ligamentous strain is typically elicited at the upper or lower 
1 nnv attachment^ pain on iwcssure at the joint line, just in front of or behind either col- 
1 vtcmi ligament, must be carefully sougM for. Wben positive this jr, is vnhmblc; u-hen 
negative, arthrotomy slioulet be postponed, unless the other d, agnostic findings are con- 

elusive. 


the journal of bo.ve and joint surgery 
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TABLE II 

Incidence of Locking 


Lesion 

Historj' of 

Locking 

Number oj Casc!< 

No Historj' of Locking 
Number of Cases 

Bucket-handle tear 

55 ; 

8 

Anterior, marginal tear 

2 

0 

Anterior horn, tag 

1 

0 

Posterior, marginal tear 

1 

4 

Posterior horn, tag 

1 

7 

Multiple tears and unusual tvpc.s 

8 

7 

No tear 

1 (Case 99) 

5 

Total 

69 

31 


Contralateral pain is questioned as a diagnostic finding. Of nine patients with tears 
of the lateral meniscus, six had lateral joint-line pain, two had bilateral pain, and one had 
medial pain. This last case and one case with bilateral pain had concomitant strain of 
the medial collateral ligament. 

Locking 

Locking for the purpose of this investigation was defined as a mechanical block to 
free extension of the joint. Unlocking was never deliberately attempted; although, in the 
course of manipulative examination, four of the series unlocked with a thud which was 
recognized as pathological, and, therefore, was diagnostically significant. Out of a total 
of fifteen cases with bucket-handle tears and a loss of extension of 15 degrees, eleven did 
not unlock, and they were soundless on manipulation. A marginal posterior tear caused 
locking, which could be unlocked with a click on kicking the leg straight. Similar mo- 
mentary locking was caused in another case by a small tag of meniscus. In a third case, 
a torn stump of anterior cruciate ligament was responsible for locking. Case 87 is an ex- 
ample of this condition. 

Case 87. A man reported two days after injury that “while travelling in a skip, the hoist tripped 
out” and he had jarred his hip and knee slightly. He stated that his knee gave him no trouble. However, 
seven months later, in changing his position while squatting, the knee locked suddenly and painlessly 
for the first time. Operation revealed a bucket-handle medial meniscus. 

From the medicolegal point of view, it should be accepted that a very minor trauma 
may produce a torn meniscus. Although clinical manifestations following trauma may be 
delayed for months, lack of pain does not exclude the possibility of a tear. 

Several patients were unable to extend the knee immediately after injury, but 
straightening gradually took place; therefore, these cases were counted as without lock- 
ing. Tn some patients, definite cartilage lesions capable of locking were found; in others, 
a contused infrapatellar fat pad ; and, in some, pain alone appears to have been adequate 
explanation for inability to extend the knee. Table II shows in detail the relation of lock- 
ing to the various types of lesions found. 

In the positive cases, the cause of locking, as far as could be determined, was as fol- 
lows: Of sixty-nine cases, the meniscal lesion wms responsible in fifty-nine ; in eight cases, 
either a meniscal lesion or a nipped infrapatellar fringe was the causative factor; in one 
, case a pedunculated fatty mass attached to the middle of the anterior cruciate ligament 
was the cause (there was also a meniscal lesion which could not have caused locking) ; in 
another case a discoid meniscus may have been at fault, but it is probable that the patient 
(Case 99) gave a misleading story. 

Case 99. This man reported tlie fourth day after injury. On that day he told the examiner tliat he 
had rolled fifteen feet down a slope, and bumped the inner side of his knee against a sprag, but that he 
was not quite sure as to what had happened to his knee. On the ninth day, he reported that when he 
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straightened his knee after sitting on his haunches, he felt a crunching thud momentarily. On the 
twenty-third day, he said that, after rising from his haunches, there was a click in the knee, and subse- 
quently he was unable to straighteh his knee. Examination revealed no limitation of extension. At 
operation, a discoid lateral meniscus was evident, without a tear. . 

There was also difficulty in analyzing the sign of limitation of passive extension, and 
there were a number of difficult borderline cases. (See Tables III and IV.) 

TABLE III 

Patients with Meniscal Lesions Shoaving Limitation of Passive Extension 


Degree of limi- 







1 

1 




tation-of 

extension 

0 

5 

10 

15 

20 

25 

40 1 

45 

50 

90 

Number of Cases 

1 

27 

1 

21 

1 






1 

1 

(Total 93) 

28 

6 

1 

4 

3 

1 

1 

1 


TABLE IV 


Patients awth Limitation of Extension Not Due to Meniscal Lesion 


Limitation of Extension 

Nipped SAmovial 

Pedunculated Stump 

Absence of Mechanical 

{Degrees) 

Fringes 

of Anterior Cruciate 

Obstruction 

5 

2 

1 

2 

10 

0 

0 

3 


In eight out of sixty-six cases with limitation of extension, the meniscus was not the 
cause. These cases are analyzed in Table IV. 

All of the patients included in Table IV had pain at examination when extension was 
forced, and in five cases, the forced extension Avas clearly the sole cause. We are not 
aware that a portion of the anterior cruciate ligament has been previously considered as 
a cause of internal derangement. Since then we have noted this finding in two additional 
cases. 

A longitudinal meniscal tear with a bucket-handle portion in the intercondylar notch 
may cause limitation of extension of A^arying degree, depending upon how far forward the 
tear extends. In one case locking occurred Avith loss of extension of only 5 degrees. If the 
tear extends so far foi’Avard that the medial condyle of the femur moves ■ throughout its 
course Avithin the gap in the meniscus, there is no loss of extension. Ligamentous laxity 
may mask obstruction. 

In each of seA^enteen cases with 15 degrees or more of limitation, the meniscus Avas 
torn in such a AA^ay that it might haA^e caused the block. Fifteen of these lesions Avere 
bucket-handle tears, AAdiereas, had this group of seA'^enteen been representative of the whole 
series, there would haA^e been only nine cases of bucket-handle tear. 

We conclude that a limitation of extension of 5 degrees is not significant; 10 degrees 
is suggesttye, but limitation of 15 degrees is almost certainly due to a mechanical block, 
caused by a meniscal lesion or a loose body. 


TABLE V 

Analysis of Patients with AA^isting of the QuAnnirEPs 


Period elapsed 
'jince iniurj^ 

1-10 Days 

11-100 Days 

Over 100 Days 

Total 

W thigh circumference 

lees than uninjured tnign, 
tlierefore. wasting present. 

Thigh circumference same as 
uninjured thigh, therefore, 
wasting not present. 

29 cases 
(37 per cent.) 

4 cases 
(5 per cent.) 

8 cases 
(10 per cent.) 

41 cases 
(52 percent.) 

IS cases 
(23 per cent.) 

15 cases 
(19 per cent.) 

4 cases 
(5 per cent.) 

37 cases 
(47 per cent.) 
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TABLE VI 

CREriTATiON Found in Conjunction with Osteochondritis of the Patella 



“Hot Spot” 

No “Hot Spot” 


21 Cases 

79 Cases 

Patellofemoral 
crepitus present 

72 per cent. 

20 per cent. 

Patellofemoral 
crepitus absent 

2S per cent. 

80 per cent. 


Wasting 

In clinical teaching, wasting has long been considered as a typical occurrence accom- 
panying meniscal lesions. This wasting usually occurs very rapidly, even within a few 
days. It has been held that the absence of wasting excludes the diagnosis of serious intra- 
articular lesions. 

The seventy-eight cases with meniscal tears, and on which data on circumferential 
measurements of thigh and calf were available, were divided into groups according to the 
period which had elapsed since injury (Table V) . Three-eighths of an inch or more of re-- 
duction in circumference was arbitrarity labeled wasting. 

In two cases which showed wasting, it was proved at arthrotomy that no lesion ex- 
isted, other than a strained medial collateral ligament, and a nipped synovial fringe, re- 
spectively. It is common knowledge that a wide variety of lesions of the knee, minor and 
major, may lead to wasting. 

We conclude that, while the presence of wasting may be of contributory diagnostic 
value, the absence of wasting does not necessarily preclude meniscal damage, irrespective 
of the delay between examination and injury. From the medicolegal standpoint, this is 
a significant observation. How often has the patient’s word been doubted, because of ab- 
sence of wasting in the presence of gross meniscal damage! 

Patella feinoral Crepitus and Degenerative Arthritis 

In 21 per cent, of this series, arthrotomy revealed an area of degeneration of the. ar- 
ticular cartilage on the medial facet of the patella. The early appearance is that of soft- 
ening and swelling of the cartilage, which looks sodden, and pits on pressure with a blunt 
point. Later the apex of the swelling separates, leaving a crater down to bare bone. 

In our opinion, this is the site of the first appearance of degeneration of the articular 
cartilage in the knee joint. It is commonly seen in arthrotomies for lesions of the medial 
meniscus, and often occurs in patients who ore not miners. 

Clinically, patellofemoral crepitation may be velvety and synovial, or grating and 
associated with gross articular damage. 

Analyzed in relation to traumatic lesions of the patella revealed at operation, our 
findings appear in Table VI. If will be seen that synovial crepitation frequently existed 


TABLE VII 

Analysis of Thirteen Posterior Meniscal Tears 


Type of Lesion 

History of 
Locking 

Limitation of 
Extension 

Positive Manipulative 
Findings 

Tear of posterior horn 

17 per cent. 

0 at 15 degrees 

70 per cent. 



23 per cent, at 

10 degrees 


All other lesions in 
the series 

77 per cent. 

22 per cent, at 

15 degrees 

38 per cent. 



25 per cent, at 

10 degrees 



VOL. xxvn, NO. 3, JULY' 1945 




Tiu; JOUHNAI. OK HONK AND JOINT SUIiOKuy 








TRAUMATIC INTERNAL DERANGEMENT OF THE KNEE JOINT 


421 


in conjunction with tlicse cliangcs in the cartilage, although thej’- were sometimes found 
without clinical signs. 

Crushuig Sign 

In seventeen positive cases — that is, with pain present over the meniscus which is 
compressed by adduction or abduction of the tibia — there was one case without a meniscal 
lesion. It is not, therefore, as pathognomonic a sign as our clinical impression had led us 
to believe. 

Posterior-Horn Lesions 

In this group, accurate preoperative diagnosis is the basis upon which meniscectomy 
is performed. When the knee is opened anteriorlj', the meniscus looks and feels firm on 
being pulled upon; nothing abnormal is noted. Nevertheless, one should proceed with the 
meniscectomy, for, after detaching the anterior end, and while proceeding with the mar- 
ginal separation, a long tag or a posterior tear will suddenly be demonstrated far back. 
Thus the meniscectomy is justified. 

In our experience, it has been a mistake to close a joint without first removing the 
meniscus, once a lesion has been definitely diagnosed. Tbe onlj"^ exception to this practice 
is when gi-oss ligamentous laxity allows full inspection of the suspected meniscus. 

In Table VII will be found an analj’sis of thirteen posterior meniscal tears. This 
shows that locking is infrequent; and in this group locking is often followed by unlock- 
ing. Positive manipulative findings are common and valuable in determining the site and 
the side of the lesion. 

Marginal Lesions 

^Marginal lesions are alleged to heal often with conservative treatment. In this series 
It was accepted that conservative treatment prevented the patient from working, because 
there was no “light work”. In only seven cases out of ninety-four, were there tears through 
vascular, peripheral parts of the meniscus. Therefore, operation was justified in eighty- 
seven by the lesion, and in the other seven bj' the fact that time was undoubtedly saved, 
and recurrence was avoided. In three of the seven cases there were subsynovial tears, — 
that is, although there was no open split betw^een the meniscus and the capsule, a synodal 
fornix dipped down between them, and the meniscus, wdien pulled upon, slipped w'ell into 
the joint. In two of the three cases, hemarthrosis verified the intra-articular trauma. 

Investigation of seven cases with marginal tears revealed no pathognomonic sign. 
Easy locking and unlocking, manipulative findings, and joint-line tenderness were all too 
variable to be of specific diagnostic value. Three of these patients tried working for one, 
one and' a half, and five months, respectivety, but in all cases arthrotoni}’- was finally neces- 
sary. V’e believe that, once a meniscal lesion has been diagnosed, even one trial of con- 
servative treatment is unjustifiable. 

Erroneous Diagnoses 

In Table VIII are grouped eight cases which were erroneously diagnosed, some of 
which have been mentioned separately under previous headings. 

In the six cases where a meniscus was not torn, the decision to operate was usually 
based on (1) the failure of a trial of use of the knee, and (2) the manipulative findings. 
The latter, in four cases, though finally accepted as positive, were equivocal in that they 
varied at different examinations. It should be emphasized that in some cases, despite an 
incorrect diagnosis, arthrotomy was justified. In this group of erroneous diagnoses, two 
noteworthy features were the doubt wdiich accompanied the diagnosis, and the frequent 
presence of strain of the tibial collateral ligament. 

RESULTS OF ARTHROTOMA' 

For purposes of comparison, a number of cases were chosen in which, apart from the 
meniscal tear, there were no pathological changes detectable, clinically or at operation, 
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TABLE IX 

Results of Arthhotomy 
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from a sinus in the knee. Later s\vabs were sterile, although the temperature was 102 degrees and the 
pulse was 120. Moderate pain on passive movement confirmed the diagnosis of infectious arthritis. 
The sinus healed by granulation, and the patient resumed work 103 days after the operation. At that 
time, there was no effusion. He had one inch of wasting of the quadriceps, slight periarticular thicken- 
ing, and range of motion from ISO degrees to CO degrees. There was a permanent total disability assess- 
ment of 15 per cent. 

Case 32. An underground-shift boss, thirty-two years old, had a bucket-handle medial meniscus 
removed, following several weeks of treatment for a slightly pustular skin condition. Eight daj's after 
operation, the patient’s urine was verj’ thick, and it contained pus cells, phosphates, and abundant 
staphylococcus albus. The temperature was 99 degrees; the pulse was 96. The patient had a slight chill. 
On the tenth day, the dressing was removed for the first time, and, as the stitches were taken out, a 
considerable quantity of pus welled out of the center of the wound. This contained hemoljdic staphylo- 
coccus aureus on culture. Until then the patient had not complained of pain in the knee, nor was there 
any effusion. On the twelfth day. there was extensir-e effusion and excruciating pain on the slightest 
motion. Diagnosis was made of acute suppurative arthritis. The patient resumed work 150 days after 
operation, the knee having a range of motion from 175 degrees to 85 degrees. There was no increase in 
preoperath'e laxitj' of the ligaments, no effusion, and only slight patellofemoral crepitation. There was 
some limitation of internal and external rotation of the fle.xed tibia, and one inch of wasting of the thigh. 
A permanent total disability assessment of 15 per cent, was granted. (Our usual assessment for bonj' 
ankj-losis in the optimum position is 30 per cent.) 

Cases of degenerative arthritis were due sometimes, but by no means always, to the 
wear and tear of an aging joint. In a few cases, the repeated traumatic effect of a long- 
neglected torn cartilage was clear. In others, there was obvious evidence of trauma to the 
articular surfaces, due to the injur}' itself, as in the following case. 

Case 83. The man reported; “I stepped back, tramped on a block, and my knee twisted. I fell 
and had a severe pain in my knee. Then as I bent my knee, I heard a grating noise.” There was no 
preHous injurj-. At operation eight days later, the articular surfaces of both the femoral condj’les and 
of the lateral tibial condyle were found to be damaged. In places they were broken into innumerable 
small fragments, some of which were loose. The lateral meniscus lay in the notch, tom in a bucket- 
handle manner. This case was later assessed at 10 per cent, of permanent disability. 

Mild arthritis was a complicating factor in traumatic lesions of the cartilage and 
similar minor lesions. 

There were sixteen cases of gross laxity, but in assessing the effect of this factor, all 
but five cases were discarded, due to the coexistence of one or more other complications. 
In thirteen of these cases, the laxity was anteroposterior, solely or predominant!}'. Of the 
cases with w'ell-marked laxity, 42 per cent, also had definite arthritis of mechanical origin; 
■"’hile 8 per cent, of cases without well-marked laxity had this type of arthritis. 

A severe postoperative effusion in one case in the series led to the formation of a 
sinus, which discharged sterile fluid for three weeks. In another case, passive flexion ad- 
ministered by a new masseur caused rupture of the suture line in a joint already over- 
distended with fluid. Our present routine is to apply three or four thick sheets of sterile 
cotton w'ool around the limb from mid-calf to mid-thigh, with a six-inch bandage to com- 
press each layer of w'ool separately and firmly. 

The penalty of delay varies with the type of tear. In the following case, the erosive 
effect of what originally was, in all probability, a taglike tear was considerable. 

Case 59. The patient was thirty-one j'ears old. Operation was performed after a delay of six A-ears. 
The medial meniscus was found to have a complete tear, somewhat transverseb' at its middle ; the edges 
I'ero rounded off, showing it to be an old lesion. The posterior half could not even be seen. There was 
extensive osteo-arthritic lipping of all articular surfaces; extreme erosion of the articular surface of the 
feniur extended down to the center of the bone in the center of the condyle. Through a separate posterior 
incision the back half of the meniscus w.as removed. There was disability of 15 per cent. 

On the other hand, the following ease in which a bucket-handle tear was found, shows 
the effect of less frequent traumata. 
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Case 5. The patient was twent3'^-five 3'ears old. Tliere liad been a two-3’'ear period of dela3’-, dur- 
ing which time the knee “had been out on several occasions”. Tliere was roentgenographic evidence of 
earl3'^ arthritis. At operation no damage to the articular cartilage was found, but the synovial membrane 
was injected. Three months after the operation, there was well-marked joint crepitus. Disabilit3' was 
assessed at 2.5 per cent. 

The patients in the top age group (fort}'- to fifty years) did not fare quite as well as 
did the patients in the lower age group. One patient received compensation; the average 
disability per capita 3vas 0.4 per cent.; and the ar'erage number of days off work after 
operation was fifty-two. Certain older patients showed preoperative evidence of ar- 
thritis,^ — one slightly, and four moderately. The youngest patient in our whole series was 
seventeen years old, and he recovered in twenty-six days, although the average recor'ery 
time for his age group 3vas forty-eight days. 


COMPENSATION 


Compensation assessments rvere normally made after the man had been continuously 
at work for two months after operation. All claims were then settled. By law the man is 
entitled to later apply for re-examination and re-assessment, if he feels that the knee 
condition has deteriorated. Although four years have now elapsed since the last patient 
in this series resumed work, there have been no applications for increased assessments. 

Of the 100 cases, twenty-seven men received some compensation, varying betiveen 
2.5 per cent, and 15 per cent. The average for the whole series w'as 1.6 per cent. Because 
an empirical standard is usually set by current practice in non-scheduled assessments, 
the following illustrative cases are given to show the broad basis used for comparison. 

Assessment of 2.5 'per cent. 

Case 35. An “occupation fitter”, thirt3'-four 3’-ears old, liad spent two years underground. Ninety 
days after the injury there was wasting of seven-eighths of an inch. At operation for removal of the left 
medial meniscus, there was no evidence of arthritis. The patient failed to report for work for sixty-eiglit 
da3’'s after operation. Four and a half months after operation, he complained of tiredness in the leg after 
working, and there was wasting of one and a quarter inches. The patient had not missed a shift since 
resuming work. There was full range of motion, no ligamentous laxit3’', no effusion, and no crepitation. 
There was a diagnosis of quadriceps insufficiency, and it was decided that the patient was a lazy fellow. 


Assess77ieiit of 10 per cent. 

Case 83. The patient, a painter, thirt3'-three 3'-ears old, worked abo^'e ground, and showed mod- 
erate laxit3' of the medial collateral ligament. Mild osteo-arthritic changes were evident at operation 
for removal of the right lateral “bucket-handled” meniscus. Two incisions were made, since the diagnosis 
of a lesion of the medial meniscus proved incorrect. A low-grade infectious arthritis followed operation, 
and the patient failed to report for work for fift3'-one dn3's. The disabilit3^ assessment was made after 
one month at work, when the patient stated that he had “pain at the end of a day’s work, but not in the 
morning”. There was then moderate joint crepitation, gross laxit3' of the anterior cruciate and medial 
collateral ligaments, one inch of quadriceps wasting, full range of movement, and no effusion. 


Assessment of 15 per cent. 

Case 59. The patient had been an underground stopcr for twelve 3-ears. He was thirt3'-one 3'ears 
old. There was gross laxit3’- of the anterior cruciate ligament, and wasting of two and a quarter inches of 
the quadriceps. The knee had troubled the patient for 178 dn3's previous to the operation. Roentgeno- 
graphic evidence of extensive osteo-arthritis was confirmed at operation, and there was creintation of 
both the patellofemoral and main joints. Transverse tears of the medial meniscus and of the posterior 
horn were evident. There was erosion of the cartilage down to tlie bare bone of the medial conrh-Ie, and 
complete rupture of the anterior cruciate ligament. The patient did not resume work for cight3'-nine 
davs after the operation. Five months after the operation, lie stated: "M}- knee is sore if I walk some 
distance - at night there is a dull pain.” At examination, well-marked joint crepitation was evident, as 
well as gross instability of the anterior cruciate ligament. There was one inch of qiiadriceiis wasting, 
full range of motion, and no effusion. 

SUMM.ARY 


1 All orinlvsis has been aiven of 100 consecutive knee ai-throtoinies iierforined on 
European underground in the Witrvatersrand Gold Mines. 
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2. The routine of clinical diagnosis, operation, and postoperative care has been 
described. 

3. The operative findings have been analyzed. In four cases, no meniscal lesions 
were discovered at operation; in eighty-two cases, tears of the medial meniscus were 
found ; in nine cases, tears of the lateral meniscus were seen. There were double tears in 
three cases, and discoid menisci in two. Of ninety-seven torn menisci, forty-nine were of 
the bucket-handle type. 

4. The operative findings have been correlated with the signs found at examination. 

a. Pain at the anteromedial joint line was found to be of considerable diagnos- 
tic significance. Absence of such pain contra-indicated arthrotomy for 
meniscal lesion. 

b. It was shown that locking is frequently, but not always, due to a meniscal 
lesion. A stub of anterior cruciate ligament was the cause of locking in one 
case. 

c. Meniscal damage may exist in the absence of wasting. 

d. Fouche’s “hot spot” on the medial facet of the patella is described. 

e. The "crushing sign” is found to be not entirely pathognomonic of meniscal 
damage. 

5. Erroneous diagnoses have been analyzed in some detail. 

6. The end results of treatment are given, with disability assessments averaging 1.6 
per cent, for the whole series. 

7. Complications of the operation have been discussed. 

8. The penalty of delay in operation has been found to vary greatly according to 
the type of lesion. 

9. The findings in our investigation favor early and total meniscectomy, once an 
incontrovertible diagnosis has been made. 


VOL. XXVII, XO. 3, JULY 10-lS 


TRAUMATIC DEGENERATION OF THE ARTICULAR 
CARTILAGE OF THE PATELLA 


BY LIEUTENANT COLONEL RALPH SOTO- HALL 
Medical Corps, Army of the United States 

The frequency of arthrotomies, performed for the treatment of various types of in- 
ternal derangement of the knee, has focused attention on lesions of the articular cartilage 
of the patella in military personnel. It is surprising that pathological changes at this site, 
which have such a high incidence, and which seem to play such an important role in the 
persistence of sjuiiptoms after knee surgery, have received so little attention in the Anglo- 
American literature. Scandinavian authors have written extensively on this matter during 
the last few years.^-'*-^"® 

The patella lies in one of the most exposed parts of the body. It has an extremely 
thick cartilage, the central part of which is poorly nourished. This articular cartilage may 
suffer either acute or chronic traumatization, leading either to fractures or to delayed 
changes, which we have interpreted as a result of impaired nutrition. 

PATHOGENESIS 

While studying amputation specimens obtained after severe injury, we have observed 
at times recent, linear fractures of the articular cartilage without accompanying bone 
injuries, although careful roentgenographic studies of these specimens did not demonstrate 
any pathological changes. Such cartilage injuries (similar to those frequently noted in the 
capitellum of the humerus [capituliim humeri] during the operation for excision of a 
fractured head of the radius), though usually not clinically demonstrable, may lead to 
the formation of loose bodies, or to the impairment of the gliding mechanism, with slow 
disintegration of the cartilage from attrition ; this may explain in part the partial fixation 
of the patella after certain fractures of the femur. Moreover, in the specimens studied, 
there wms often a tearing of the capsular attachment to the patella, Avhich probably re- 
sulted in damage to the rather limited blood supply. 

Thus, from the direct injury, or from a secondary loss of adequate nutrition, or both, 
there occurs a pathological state in the cartilage of the patella, which has been designated' 
as chondromalacia patellae or, less appropriately', chondritis (chondropathy) . The fre- 
quency of this condition can be illustrated by the fact that in sixty-five arthrotomies 
performed in a military hospital for chronic knee complaints, this lesion of the patella 
was encountered in twelve cases, representing 18.5 per cent. In six of these patients, the 
degeneration and erosion were so extensive, and the disability was so pronounced, that 
total excision of the patella was warranted. The incidence is highest in young adults, the 
average age in this series being twenty-nine, and the age of the oldest patient, thirty-six 
years. (We have seen this condition well advanced in a young woman of seventeen, whose 
case is not included in this study.) This average age may be influenced, of course, by the 
age of the military personnel, but in our civilian practice we rarely encountered a similar 
lesion in older individuals. 


HISTORY 

All patients gave a history of moderately severe trauma, — consisting in six cases of 
direct contusion; in three, of a twisting injuiy; and in one, of a linear fracture of the bone. 
Two had suffered dislocations of the patella, followed by recurrent subluxations. These 
two patients are of particular interest because, in addition to the lesions in the cartilage 
of the patella, small loose bodies and an area of advanced cartilage erosion were found on 
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the lateral femoral condyle, exposing the subchondral bone for about one-half inch. This 
is a frequent concomitant finding in recurrent dislocation of the patella, and results from 
repeated trauma and severe friction as the patella rides over the condyle. It should be 
taken into consideration when corrective surgical procedures are planned. Wiberg, in 1941, 
described well-advanced chondromalacia in recurring dislocations of the patella, with and 
without an accompanying congenitall}' low femoral condyle, and it was noted after dis- 
location of the patella experimentally bj'^ Bennett, Bauer, and Maddock, during their 
study of repair of articular cartilage in the femur. 

The clinical histories followed a somewhat typical pattern. After the original injury, 
there was a short period of total disabilit}'', which was followed bj’^ a rather quiescent period 
of several months in which there were some mild S3’^mptoms in the knee. With or without 
an additional precipitating injurjq there was then a gradual development of more severe 
sj^mptoms, culminating after some months in a marked disability. The course of this 
syndrome simulates, therefore, the sequence of events seen in post-traumatic aseptic 
necrosis of bone, when it occurs in various parts of the body. 

A typical history is the following; 


Case 6. A soldier, twentj'-three years old, with approximate^' two years’ service, was first injured 
in 1937, when the anterior part of the right knee was struck. The patient believes a diagnosis of ruptured 
ligaments was made, and he spent six weeks in traction, and six months on crutches. Following this, he 
was able to engage in baseball, basketball, and boxing, with no disability, but with an occasional feeling 
of impairment, discomfort, and instabilitj' in the knee. He entered the Army on August 3, 1942, and 
underwent the strenuous basic training without diflSculty. He was assigned to an engineering unit, and 
became a jeep driver. In March 1944, 
while on shipboard going overseas, he 
was engaged in an exhibition boxing 
match and twisted the knee. Pain and 
swelling developed, for which he was 
hospitalized; his condition did not im- 
prove, and it was necessary to return 
him to the United States. His symp- 
toms consisted of loud popping sounds 
in the knee, a feeling of instability, and 
pain located deep in the joint. Exami- 
nation showed atrophy of one inch at 
the mid-thigh, although the patient 
walked without a limp, and had a nor- 
mal range of motion. "When he sat with 
the knee at 150 degrees of extension, 
the patella could be displaced lateralb’, 
and hooked on the lateral condyle 
so that it remained in this position. 

Marked crepitation could be felt under 
the patella. No effusion was found; a 
minimal relaxation of the tibial col- 
lateral ligament was noted. At opera- 
tion, the patellar articular cartilage was 
found extensivelj' involved (Fig. 1), 
and on the lateral femoral condyle was 
an area of cartilage erosion, similar in 
size to that of the patella. 

SYMPTOMS 



One of the most significant 
symptoms is that of crepitation as- 
sociated with certain active move- 
ments of the knee, although this 
may be absent when the disease in- 


Fig. I 

Case 6. Soldier, aged twentj'-three. Operation disclosed ex- 
tensive involvement of medial facet of the patella, with loose- 
bodj' formation. A well advanced “mirror image’’ was also 
present in the lateral femoral condj'le. This tj'pe of lesion is 
produced bj' recurrent trauma between the lateral condj-le of 
the femur and the patella, resulting from a muscle imbalance 
in the quadriceps which produces recurrent slipping. 
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volves only the most inferior part of the cartilage. Crepitation is not always elicited when 
the knee is flexed with the patient sitting, and we have found it of value to test the patient 
in the following manner: Lying upon his back with the hip and knee flexed, the patient is 
asked to flex and extend the knee gradually without moving the hip. This movement, by 
its various anatomical relationships, is an assurance that the diseased area will come in 
contact with the femur. The crepitation can be easily felt by the examiner after he has 
placed his hand upon the affected knee, and forcibly pressed the patella against the femo- 
ral surface. This test is of particular value in the mild and early cases. Crepitation is 
significant also in those cases where there is instability, due to relative inequality of power 
between the vastus lateralis and vastus medialis, since in the presence of such imbalance 
the patella does not follow the intercondylar groove, but impinges against the lateral 
condyle of the femur. The importance of this imbalance of the patella was demonstrated 
as early as 1867 by Duchenne who, by applying a strong electrical stimulation to the 
vastus lateralis, was able to produce outward luxation of the patella, wdiile wdth stimula- 
tion of the vastus medialis, no medial displacement of the patella could be produced. This 

lateral displacement is explained 
by the fact that, wdien the vastus 
lateralis contracts, due to its axis 
of pull, it tends to draw’’ the patella 
outwmrd. In the normal individ- 
ual this deforming force is coun- 
tered by the lowmrmost fibers of 
the vastus internus, which lie in 
an axis almost transverse to it. 
Because instability of the patella 
may exist in the patient, which 
may otherwdse escape detection, it 
is important to examine the patel- 
lofemoral joint in active motion. 
Roentgenographic studies of the 
specimens, as w'ell as various pro- 



Fio- 2 j actions of the patella itself have 

Case 1. This patient, aged twenty-eiglit, reported s3'^rnptoms generally failed to show any dem- 
dating back six j^ears to a iootball injiiiy. He presented laxity ° , , , • 4.11 

of the capsule with recurrent subluxations of the patella and onstrable change in the patella. 
loose-bod3’’ formation. A very small lesion was present in the However bv taking axial vieW'S of 
lateral femoral condyle. , • nn 

both knees m 60-degree, m yU- 


degree, and in full flexion, 3ve ha3m been able to demonstrate the abnormal course of the 


patella as it moves from its central position to be lodged in the intercondylar groove. 

It is of interest that the patient often has difficulty in describing and localizing the 
deep-seated pain, a factor 3vhich, combined 3vith the pseudolocking or ratchet mo 3 '’emont 
of the knee, often leads to diagnostic confusion. Of the twelve proved cases, four patients 
had been pre3'’iously operated upon elsewdiere for suspected meniscal injury, but the in- 
accuracy of the diagnosis ivas pro3'’ed by the persistence of identical symptoms and by the 


subsequent operative findings. 


The diagnosis must finally rest on combinations of these signs and symptoms: 


1. Subpatellar crepitation on active movement; 

2. A variable deep-seated pain; 

3. Tenderness on percussion of the patella; 

4. A pseudolocking, or ratchet rhythm; 

5. A subjective feeling of instability; 

6. Occasional recurrent subluxations of the patella. 
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PATHOLOGA' 

A review of the various stages in the gross pathologj’^ of chondromalacia readily ex- 
plains the clinical picture. The initial change, soon after trauma, is oedema of the articular 
cartilage, followed by a certain amount of softening, with subsequent formation of rather 
characteristic fissures or cracks. (The softening can be demonstrated during arthrotomy 
by passing a blunt instrument gently over the diseased surface, when a soft indentation 
can be felt.) That part of the patellar cartilage which is most poorly nourished, the cen- 
tral and medial area, is often the site of the most serious involvement. As fraying of the 
cartilage and degeneration progress, the fissures develop small fine tufts which remain 
attached at one end or, more rarely, become free loose bodies (Fig. 4) . In the later stages, 
the subchondral bone is exposed at the base of the irregularly shaped craters, showing 
its bluish polished surface, in vivid contrast to the adjacent white glistening cartilage. 
AYhen the disease has been present in the patella for a long period of time, a similar condi- 
tion develops in the opposing surface of the femur. This secondarj'^ lesion may assume the 
identical size and contour of the parent lesion, and we have termed it a “mirror image”, 
because of its similarity in appearance. Two types of “mirror image” have been observed; 
one on the lateral femoral condjde, found in those cases presenting. subluxations of the 
patella, and another lying directly between the condyles (Fig. 5), the etiology of which 
is more difficult to explain. As these small craters in the joint surfaces glide over each 
other in apposition, they produce the feeling of insecurity, pseudolocking, and the ratchet 
rhythm. 

Chondromalacia has been considered by many to be simply a manifestatioa of hj’-per- 
trophic arthritis; but its very isolated location in the joint, its frequency in young people, 
and the absence of arthritic changes in other articulations, point rather to a traumatic 
origin with secondary mechanical irritation of the joint. It is possible, of course., that' this 
condition initiates what in older patients presents itself as a degenerative patellofemoral 
arthritis. 

* ♦ . » 

TREATMENT 

In early cases, the treatment of traumatic degeneration of the articular cartilage of 
the patella should consist of protection of the joint from further trauma, and of the use 
of physical therapy, the basis of which should be mainly development of the extensor 
mechanism by active exercises with and without resistance. Many patients present little 
disability, if the area involved is small and the lesion quiescent, and if the patella glides 
within its normal depression in the intercondylar area. Once the symptoms have become 
chronically disabling, however, only radical surgical procedures can bring relief, and the 
following operations have been suggested for the cure of this condition: 

1. Resection of the abnormal cartilage; 

2. Total resection of the articular surface; 

3. Patellectomy. 

When the pathological changes are limited in size and degree, the cartilaginous 
irregularities can be trimmed and smoothed down by careful dissection with a sharp knife, 
and the irregular borders of the craters can be beveled. This debridement has some value, 
and should be a routine procedure in the smaller lesions. But when the cartilage degen- 
eration is more widespread, the problem is more difficult. Total resection of the articular 
cartilage, although recommended, has been done only once by this author, and then with- 
^ out relief of symptoms, a patellectomy being necessary at a later date; nor did two other 
patients, on whom the same operation was performed by other surgeons, show any im- 
provement. 

. In those patients presenting extensive degeneration with incapacitating symptoms, 
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Tig. 3 

Case 2. Lesion pioduced by instability of the 
patella. 



Fig. 4 

Case 3. Specimen fiom patient, aged twen- 
ty-seven, showing well-advanced fissuies and 
tuft formations. 


Fig. 5 

Case 4. Specimen from patient, aged thirty- 
si.v. Advanced changes, showing faiily large area 
of exposed subchondral bone, aie evident. This 
man piesented a laige “miiror image” in the 
intercondydar aiea of the femoial articular 
caitilage. 

total excision of the patella should be con- 
sidered. AVe have removed the patella in six 
such cases; all six of tlie patients had been 
prevented from performing their regular 
duties by the condition of their knees before 
the operation. Two of these obtained excel- 
lent function; two showed marked improve- 
ment and the results could be considered 
good, with a reduction of pain and absence 
of annojdng crepitation. The last case is too 
recent for evaluation. One result could be 
classed as poor, presenting no improvement 
in function; this patient had a history of 


symptoms in the affected knee, extending over a period of ten years, and the femoral con 
dyle presented a well-advanced “mirror image”. The prognosis appears less favorable in 
cases showing involvement of the femoral condyle, a factor which should be kept in mind 
in considering early intervention. 

Among technical considerations in patellectomy, certain points should be mentioned, 
as failure to observe them can lead to a residual derangement in function. ^Ye have ap- 
proached the patella in later cases by a cup-shaped incision. The quadriceps expansion is 
incised in the same manner, so that the incision passes over the level of the inferior third 
of the kneecap. This tends to bring the suture line of the tendon in the area of the fat pad, 
rather than in the line of the femoral condyles. The quadriceps tendon is carefully 
removed from the patella by a meticulous sharp dissection. This results in an actual 
lengthening of the tendon, which should be corrected if the essential requirements of proper 
tension in any tenoplastic operation are fulfilled. This correction is made by overlapping 
the tendon about one-half inch (1.25 centimeters), so that proper tension is maintained; 


when this has been done, complete active extension will be regained more rapidly follow- 
ing the operation. By extending the medial arm of the incision somewhat higher and re- 
moving a V-shaped section, balance between the vastus lateralis and vastus medialis can 
be restored. This last step in the proeedure should be reserved for those cases in which in- 
stability of the patella has been demonstrated. 

It is of considerable importance that good muscle control should be tauglit the patient 
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by careful instruction before operation; and gentle quadriceps contractions should be re- 
sumed three or four days after the operation. Two weeks after the institution of active 
movements, a resistive exercise should be introduced, in order to develop the quadriceps. 
The resistance in the last 15 to 20 degrees of extension is particularlj’- important, as this 
develops the vastus internus. All patients in this series regained normal extension by 
following this routine. 


DISCUSSION 

The clinical picture of chondromalacia with imbalance of the patella is often puzzling 
and deceptive, simulating other internal derangements of the knee. Because of this, in all 
knee arthrotomies it is obligatory that, through an adequate incision, a routine inspection 
of the joint be carried out; and this should include correct visualization of the cartilage of 
the patella, which can only be done while the knee is in extension, because in this position 
the quadriceps tendon is relaxed, allowing free mobility of the patella. The tension of the 
tendon during flexion is a serious objection to performing an arthrotomy through its en- 
tirety, with the knee in the flexed position, commonly used for excision of the menisci. 

The impression should not be obtained that patellectom}* is recommended in a large 
number of cases. Only those in which an e.xtensive destructive and progressive lesion can 
be clinically demonstrated should be considered for this operation. In each case conserva- 
tive methods of treatment must be given a thorough trial, before any radical measures are 
advocated. 

Traumatic degeneration of the articular cartilage of the patella is of considerable 
clinical importance. It maj" result from nutritional impairment, following such common 
injuries as severe contusions, sprains, or fractures, or it may be produced by chronic 
traumatization, resulting from abnormal mechanics in the patellofemoral joint. 
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PNEUMARTHROGRAMS OF THE KNEE 
A Diagnostic Aid in Internal Derangements 
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The rugged strain of jungle combat, beach landings, marches of twenty to thirty miles 
obstacle-course and unarmed training, produces a high incidence of the acute injuries oi 
the knee joint, seen in our General Hospital. In addition, many remote “football” anc 
“trick” knees that had been quiescent in civilian life soon become disabling under condi- 
tions of combat, with recurrent episodes of pain, effusion, and locking of imrying severity 
The history and clinical signs in many of these cases, though usually sufficient to make s 
diagnosis, are all too frequently not clear-cut, and, on occasion, are frankly misleading. 

Schaer has estimated the incidence of errors in knee-joint diagnoses in his clinic as 
15 per cent., and the authors regard this as conservative. In an attempt to evaluate oui 
elinical errors in 101 cases requiring operation, we have classed or graded the preoperative 
diagnoses made by all our ward officers as follows: 

Class A. Entirely correct 37 per cent. 

Class B. Partially correct 42 per cent. 

Class C. Misleading ■ 21 per cent. 

In an effort to raise our percentage of correct diagnoses in borderline cases, we under- 
took the development of a technique for the roentgenographic visualization of the com- 
plicated intra-articular structures of the knee joint, since ordinary roentgenograms furnish 
little significant information. 

To study the effect of a soluble radiopaque contrast medium, six fresh postmortem 
knee joints, prior to roentgenography, were filled with solutions of sodium iodide, varying 
in concentration from .25 to 8 per cent. The results were uniformly disappointing, as bone 
detail was obscured, and outlines of the menisci were indistinct. 

Radiolucent contrast media proved much more satisfactory. The results with oxygen 
and the technique to be described have been especially gratifying. We consider o.xygen 
ideal because of its availability, non-irritating quality, and fairly rapid absorption from 
the joint space. On a busy Service it has been a time-saving procedure to allow the oxygen 
to become absorbed from the joint during forty-eight hours of enforced bed rest following 
pneumo-arthrography. If the gas is to be aspirated following the x-ray examination, air, 
whicliis absorbed more slowly, serves just as well. Australian surgeons have used oxygen 
and carbon-dioxide mixtures with equal success. 

Inflation of the knee joint with gas prior to roentgenography has been- reported by a 
number of authors, as pointed out by Quaintance. One of us (W.H.M.) had the privilege 
of hearing a paper by Evans, who suggested that the knee joint be spread before taking 
roentgenograms. The modification and combination of these methods, together with help- 
ful suggestions from many sources, have aided in the development of a technique which 
has yielded gratifying results in supplying diagnostic information not previously ob- 
tainable. 

While, in 508 pneumarthrograins of tlie knee, no serious complications have been ob- 
served we wish to call attention to the fact that fatal air emboli have been reported, 
following air injection in urological cases. Rettig, from a survey of the literature, reports 
four fatal cases in bladder injections. The fatalities were thought to be due to amounts of 
air in excess of ninety cubic centimeters. The same author also reports one case (described 

+ Retid at the meeting of American and Australian Surgeons, Bri.djano, Au.stralia, December 12, 
1943. 
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by Goldenberg) in which pneuraopyelography was fatal, but quotes several other authors 
who report no fatalities or serious complications. 

We have had no serious complications. One patient became faint for a short while 
upon sitting up, after the roentgenograms had been taken. Subcutaneous emphysema is 
occasionally seen, but has been without clinical significance. We have been very careful 
not to inject oxygen into the knee joint under forced pressure. 

TECHNIQUE 

To obtain roentgenograms that are worthy of interpretation, great care must be taken 
at each step. Heart}’’ cooperation between the roentgenologist and the surgeon prevents 
disappointments, which were so common when ordinary methods were used. 

Step 1. Inflation of the Joint 

This is done with 1 per cent, procaine infiltration under strict aseptic precautions in 
the operating room (Fig. 1). A 20-gauge or 22-gauge needle is inserted into the lateral 
infrapatellar joint space. This is easily accomplished in the presence of increased synovial 
fluid, which should be carefully aspirated. In the absence of effusion, entry is facilitated 
by strongly displacing the patella laterally with one hand, while the needle is inserted into 
the sulcus formed between the patella and the lateral condyle of the femur (Fig. 2) . Ex- 
trasynovial injection is carefully avoided, as it may impair or ruin the value of the proce- 
dure. When necessary, it is done by carefully directing the needle under the patella instead 
of into the loose fatty areolar tissue in the floor of the snprapatellar pouch, and by testing 
the free passage of gas back and forth through the needle and syringe. The joint is then 
gently distended with oxygen to the limit of comfort, usually requiring from 80 to 120 
cubic centimeters. After the needle has been removed, a finger is kept pressed to the punc- 
ture wound for a few seconds after inflation, and the skin is then sealed with collodion. 

One point of diagnostic significance can be elicited during the inflation of the joint. 
As intra-articular pressure increases, it reproduces the pain of any recent capsular or 
ligamentous sprain which is well localized to the particular structure damaged ; but this 
pressure has no localized painful effect on a meniscal lesion or any other internal de- 
rangement. 

Step 2. Localizing the Joint Space 

The surgeon should mark the joint space accurately on the skin with ink or pencil, 
so that it can be seen in the positions of both the postero-anterior and anteroposterior 
roentgenograms. Some technicians are in the habit of centering the tube over the middle 
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Equipment for pneumarthrogram. 
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of the patella. This does not give a satisfactory profile view of the menisci or of the joint 
space. If there is an overlap of the femoral and tibial condyles on the plate, the meniscal 
shadow may be difficult to follow, and the view should be retaken. There is a slight indi- 
vidual variation in the plane of the 
tibial plateau which may require 
recentering of the x-ray tube by a 
careful technician, if the angle of 
the rays is not satisfactory. 

After the skin has been marked, 


Fig. 3 

Needle being inserted into sulcus between patella and Spread of medial joint space, 

lateral condide of femur. 




Fig. 2 


the patient is placed in the -prone position on a cart, before being taken to the x-ray room. 
This position and pressure on the suprapatellar pouch encourage the spread of the gas 
throughout the joint, and allow the fluid, if any, to gravitate into the suprapatellar pouch. 

Although Cullen and Chance advise localizing the joint space fluoroscopically, we 
have not found this necessary as a routine procedure. 


Step 3. Spreading the Joint Space 

This is the most important step in taking satisfactory pneumarthrograms ; and, if it 
is not carried out carefully, the value of the whole procedure is greatly reduced. The 
method is shown in the diagram (Fig. 3) of the technician and patient during the exposure 


of the x-ray film. The technician, properly protected, should sit on a low stool with a 
padded wooden bar held between his chest and the patient’s knee joint. A lead arrow 
marker and sponge rubber are fixed to the knee end of the bar to show where the pressure 
has been applied. The technician exerts counterpressure through both hands, one around 
the ankle and one around the upper thigh. The opposite side of the knee joint is then 
levered apart bj^ a steady, even, but strong pressure with the bar, and a simultaneous 
pull with his arms. After ten to fifteen seconds, the patient relaxes sufficiently to allow 
proper spreading. Then, at a signal, the e.xposure is made by another technician who has 
centered the tube accuiately. 

A mechanical device for spreading the joint can readily be constructed, as suggested 
b West It consists of a bar with wide straps at either end to go around the thigh and the 
ankle and a screw clamp through its center to apply pressure to tlie joint. We have found 
this to be of great value when we have had to use a portable x-ray unit. Tliese two methods 
have been more satisfactory in our experience, than that recently mentioned by Somerville, 
bich the X ray tube is pointed in a vertical direction, necessitating turning the patient 
on his side to take the anteroposterior or postero-anterior view. 

fine-focus (two-millimeter) tube fitted with a cylin- 
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Dissection of knee with femur removed. 

drical cone, eight centimeters in diameter. The technical factors are as follows: a distance 
of thirty-six inches, average of fifty-five kilovolts, thirty milliamperes, and exposure of 
two-tenths of a second, with a par speed screen. 

Five plates are taken as follows: 

1. Postero-anterior view with spread of the medial joint space; 

2. Postero-anterior view with spread of the lateral joint space; 

3. Lateral view with the knee slightly flexed; 

4. Anteroposterior view with spread of the medial joint space; 

5. Anteroposterior view with spread of the lateral joint space. 

The first three plates are usually the most valuable. In addition, oblique views may 
be taken, as suggested by Cullen and Chance, but it should be remembered that the anterior 
and posterior tips of the menisci cannot oflen be visualized, as their attachments are 
obscured by the tibial spines. However, it is unusual to encounter fractures of the menisci 
which are not -visualized in these five routine views. Most tears of the cornua of the 
menisci will show some distortion of the center of the semicircle, which is routinely thrown 
into profile. 

To obtain uniform results 
the knee is held in slight inter- 
nal rotation for spread of the 
medial joint space, and in slight 
external rotation for spread of 
the lateral joint space. This is 
reversed, if a lesion of the pos- 
terior portion of a meniscus is 
suspected. 

The oxygen may be al- 
lowed to escape through a 
needle reinserted into the pro- 
caine wheal; then the patient’s 
activities are not restricted. 

Our usual practice, however, is 
to keep the patient in bed for 
i forty-eight hours during which 
time most of the oxygen is ab- 
sorbed. No postinflation medi- 
cation has been required in any 
case. During pneumo-arthrog- 
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raphy on his own knee, one of the authors (W.H.M.) experienced a mild sensation of 
warmth in the knee for a few hours following the procedure. 

ANATOMY 

The anatomical attachments of the medial meniscus are so complete and simple that 
any abnormality in the pneumarthrograms of the medial side is a reliable indication of a 
lesion. 

The lateral joint space with the popliteus muscle and the free portion of the lateral 
meniscus presents a much more difficult problem, and a correct interpretation of the con- 
fusing shadows demands an understanding of the variable anatomical relationships. Four 
fresh postmortem knee joints were dissected, and particular attention was directed to the 
attachments of the lateral meniscus and its relationship to the popliteus muscle and 
synovial folds (Fig. 4) . 

The popliteus muscle originates from a groove in the lateral epicondyle of the femur, 
just beneath the femoral attachment of the fibular collateral ligament (Fig. 5). This 
portion of its origin may be completely intra-articular, if the bursa between it and the 
collateral ligament communicates with the joint. As the tendinous origin of the muscle 
courses down obliquely across the posterior joint space, its outer edge is more or less fused 
with the posterolateral capsule of the knee. Its inner aspect, however, forms a distinct 
ridge covered by synovial membrane, and, as it passes downward, backward, and medially, 
lies in a groove in the upper edge of the tibial condyle. 

The lateral meniscus has no peripheral capsular attachment where the popliteus 
muscle crosses it, and here the base of the meniscus is covered with synovial membrane. 
This explains the frequent vertical and normal oblique shadows in the lateral joint space 
in the pneumarthrograms, which, if seen on the medial side, would represent tears of the 
meniscal attachment. 



INTERPRETATION 

The diagrams in Figures 6 and 7 represent tlie anatomical structures which can be 
visualized in the pneuinarthrogi'ams. The edges of the normal menisci should be smooth 
and come to a sharp point. These details can bo obscured by fluid and bubble formation, 
which is rare in our series of cases, or by an overlap of shadows of the tibial and femoral 

following outline lists briefly the types of abnormalities that may bo recognized 
in an acceptable film. 
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The Menisci 

Many fractures, tears, and dislocations arc clearly shown by abnormal shadows, 

such as: 

a. Irregularity in contour of either the femoral or tibial surfaces shows tears or 
shredding. 

b. Blunting or shortenmg of the sharp edge indicates small tears or lesions of 
the cornu that distort the center of the meniscal shadow. 

c. Body or basal shadows (in the absence of emphysema) show tears without 
displacement. These are of great significance in the medial meniscus, but 
much harder to interpret in the lateral meniscus. 

d. Partial or complete absetice of the meniscal shadow always indicates either 
a dislocation or a previous surgical removal. 

e. Abnortnal sizes. IMeniscal shadows that are too long are “discoid”. Those 
that are too broad are due to cj'stic changes of the menisci. 

Sxjnovial Cavities and Bursae 

1. Suprapatellar 

a. A diminished capacity usuallj' indicates previous inflammation or long im- 
mobilization. However, fibrous septa are normal and frequently found. 

b. Space-occupying lesions or non-calcified tumors are usually well outlined. 
However, small bodies are often not visualized. 

2. .Infrapatellar 

a. A diminished anterior joint capacity indicates the size of the fat pad, which 
may be larger than normal due to trauma, and may be the seat of hemor- 
rhage, contusion or thickening, and fibrosis. 

b. The density of the tissue of the infrapatellar fat pad frequently suggests 
oedema or fibrosis, and may permit the diagnosis of hypertrophy. 

c. Abnormal contour of the fat-pad shadow is often suggestive of severe tear- 
ing and contusion. At times, rupture of the ligamentum mucosum can be 
recognized. 

3. The two posterior pouches: We are too inexperienced to explain abnormal con- 
ditions here, although unusual shadows can be seen. We have suspected rupture 
of the popliteus muscle on occasion, but have never verified the suspicion. 

4- Popliteal bursae communicate with the posterior pouches in 14.4 per cent, of our 
508 pneumarthrograms. These are not considered to be of clinical significance, 
unless the history and physical findings point definitely to a Baker’s cyst or 
popliteal bursitis. 

Articular Surfaces 

Patella: We have found that unusual sclerosis, slight irregularity, and cupping of the 
articular surface of the patella are associated with varjdng degrees of chondrosis, so that 
at operation we have noted roughening, softening, fibrillation, and shredding of the articu- 
lar cartilage. These changes are frequently unrecognized causes of internal derangement 
of the knee. 

The condyles of the femur and tibia: Chondrosis of these weight-bearing surfaces 
can be seen, if extensive, and it is associated with the usual signs of arthritis. 

Osteochondritis dissecans is ordinarily recognized verj- readily in the pneumarthro- 
grams, with a clearer indication of the extent of the lesion than in the plain roentgenogram. 

Bxgamentous Structures 

The laxity of the collateral ligaments is indicated by the amount of separation of the 
femoral and tibial condyles, as seen on all postero-anterior and anteroposterior views. 
Some degree of lateral instability is a common finding in many of these cases. 
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Fig. 8- a 

Case 4772. Normal medial meniscus. With 
spread of the medial .ioint space, the shadow of 
the medial meniscus is thrown into distinct 
profile. This shadow appears as a smooth 
tapered wedge from its base or attachment to 
the capsular ligament. Note that both the 
superior (femoral) and inferior (tibial) sur- 
faces of the meniscus are perfect^^ smooth, as 
thej’’ come to a point or sharp inner edge in 
profile. Compare with Fig. 6. 



Fig. 8-B 

Discoid meniscus. With spread of the lateral 
joint space, note the extreme 'length of the lat- 
eral meniscus whicli extends clear across the 
lateral joint space. The thinness of the menis- 
cus in the center of the joint is indicated in 
this pneumarthrogram, but the tears are not 
visualized. The diagnosis of discoid meniscus 
could not have been made without this pneii- 
marthrogram before operation. Compare with 
Figs. 6 and 9-A. This would be a normal-sized 
lateral meniscus if it onlj’’ extended to the ar- 
row, where the popliteus muscle shadow leaves 
the femoral cond 3 de. Note the widening of the 
lateral joint space, indicating laxity of the lat- 
eral joint ligaments. 


The shadows cast by the cruciate ligaments can at times be visualized on both the an- 
teroposterior and lateral views, but ruptures cannot be diagnosed roentgenographically 
by this method. 

During our first nine months’ trial of this procedure, 207 cases were studied with 
pneumo-arthrography, and the number has now reached 508. Of the first 207 cases, 101 
wei'e operated upon, and an evaluation of their pneumarthrograms was verified by oper- 
ation. The x-rays were reviewed without charts or names; then our diagnoses were 
checked with the operative findings, and an effort was made to grade their accuracy and 


value as follows: 

Evaluation and check by operative findings in 101 cases: 

A. Conclusive diagnostic aid (irrespective of clinical findings) 43 

B. Limited diagnostic aid (confirming clinical findings) 40 

(7, Misleading or contradictory aid (largely due to inexperience) 3 
D. Technically too poor and unsatisfactory for interpretation 15 



Fig. 9-A 

C-iso 3320 Normal lateral meniscus B ith 
spread of the lateral joint sp.ace, note the icla- 
ivclv thinner and longer shadow of the latei.il 
neni'seus in comparison with that shown for 
ihe medial meniscus m the pievious ca-e ( 1 1^. 
5-\.). Note also that the body and Mirfacos of 
die meniscus are slightly irregular and di-toited 
ov the popliteus muscle shadow u Inch nin- 
down obliquelv thiough it. Tins docs 
rc'^ent a tear. Note how the oxygen is squeezed 
out of the medial side of the joint. 


4r 


■33ZO 


Fig. 9-B 

Biicket-liandle fiactuic-dislocation of the 
medial meni-cii- With spu-ad of the medial 
joint .-pace, note the oblupie blunted base of 
the medial meni-cal shadow Most of the boily 
and inner tiji of the mem-eus is mis-mg from 
it' normal jiosition C'omji.ue uith normal Fig 
S-.\ Wheie a portion of the shadow of the 
moniscii' 1- mi'sing. there is always a disloca- 
tion, if the stnicturo has not been removed 
siiigieall.v. 
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Fig. 10-A 

Case S594. Longitudinal tearing witli partial 
dislocation of medial meniscus. With spread of 
the medial joint space, note the irregular 
shadow through the ba^e of the ragged medial 
meniscus. Compare with the normal in Fig. 
8-A. At operation the meniscus, which was split 
into two pieces with displacement of the pos- 
terior fragment, was excised. This case also had 
a lesion of the lateral meniscus. See Fig. 10-B. 


Fig. 10-B 

Bucket-handle fracture of the lateral menis- 
cus. With spread of the lateral joint space, note 
the absence of the tip of the lateral meniscus. 
This shows a definite dislocation. Note the 
blunted irregular portion of the base of the 
meniscus left attached. Compare with normal 
lateral in Fig. 9-A. It was excised at the same 
operation (Fig. 10-A). Because of the pneu- 
marthrograms, the bilateral operation could be 
anticipated and planned. 


We do not hesitate to eliminate films in D in arriving at a final diagnosis. Our abil- 
ity to interpret pneumarthrograms has progressed steadily with experience and improve- 
ment in technique. 

A few of the Army’s overseas hospital units have made sporadic attempts at pneumo- 
arthrography in forward areas, but the pneumarthrograms obtained in many instances 
have been disappointing. Poor technique and limited facilities completely vitiated the 
value of this procedure. It is our opinion that pneumo-arthrography should not be at- 
tempted unless all x-raj^ facilities are of the best, and minute attention to all aspects of 
the technique is possible. 


CLINICAL CASES VTTH THEIR PNEUMARTHROGRAMS 

Fewer than half of the patients represented by this series of 508 pneumarthrograms 
have come to surgery. Correct diagnosis, treatment, and proper Army disposition of the 
cases, whether or not operation was deemed necessary, have been materially enhanced by 
the information obtained by this procedure. 

We are here presenting a series of cases illustrating a variety of the typical findings. 


Case 4772. This man, aged twenty-three, was admitted January 14, 1943, with a complaint of con- 
stant swelling and aching, and inability to hike for the past three months. This condition had begun 
during island combat. Examination disclosed increased fluid in the joint, with limitation of extension 


of 10 degrees, and tenderness over the lateral joint 
space. Pneumarthrograms (Fig. 8-A) disclosed a per- 
fectly normal medial meniscus, while the lateral 
meniscus was seen to extend clear across the lateral 
joint space (Fig. 8-B). We were thus able to make 
a preoperative diagnosis of a discoid meniscus. At 
operation on Februarj^ 9, 1943, the diagnosis was veri- 
fied, and the discoid excised. The central portion of 
the meniscus was torn and ruffled up. On March 29, 
1943, the patient was transferred to another hospital 
for convalescence. 



Without a pneumarthrograni we should 
not have been able to make an accui’ate pre- 
operative diagnosis. 

Case 3320. The patient, aged twenty-seven, was 
admitted September 12, 1942, complaining of pain, 
spelling, and clicking in the right knee. He stated 


Fig. 11 

Case 6017. Longitudinal tear without dislo- 
cation of the medial meniscus. With spread of 
the medial joint space, note the irregular 
oblique shadow of the tear through the base of 
the meniscus. The inner portion of the menis- 
cus is distorted, but not displaced from the po- 
npherj- of the joint. Compare with the nor- 
mal (Fig. S-A). 
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Fig. 12-A 

Case 2665. Normal medial meniscus. With 
spread of the medial joint space, the medial 
meniscus is visualized as a normal structure, its 
superior and inferior surfaces are smooth, the 
shadows come to a good point, and it shows a 
normal wedge attached to the capsule. This 
pneumarthrogram has not been centered prop- 
erly, because the femoral and tibial condylar 
shadows overlap. 



Fig. 12-B 

Fraj^ed lateral meniscus. With spread of the 
lateral joint space, note that the lateral menis- 
cal shadow is extremely thin and its inferior 
surface is markedly irregular and blurred. 
Compare with the normal lateral (Fig. 9-A), 
Irregularity of the lateral femoral cond 3 de is 
also suggested in this pneumarthrogram. Be- 
cause of lack of confidence in recognizing this 
abnormal shadow, we were misled by the clin- 
ical signs on the medial side of the joint. The 
medial joint space was first opened at opera- 
tion, but the proper diagnosis should have been 
made from this pneumarthrogram. 


that he was first injured in April 1942, when he twisted and bumped his knee on the firing range. E.v- 
amination disclosed a slight amount of increased fluid in the joint and tenderness over the anteromedial 
joint space. Figure 9-A shows a normal lateral meniscus in the pneumarthrograms, while Figure 9-B 
shows blunting of the medial meniscus and partial absence, which alwaj's indicates dislocation of that 
portion. At operation on October 16, 1942, a bucket-handle fracture of the medial meniscus was found, 
as well as mild chondrosis of the patella. The patient returned to dutj' on Februaiy 12, 1943. 

Case 8594. This man, aged twenty-three, was admitted Maj' 22, 1943, with a histoiy of three severe 
attacks of locking since the original injuiy in May 1942. Examination disclosed slight lyjjermobilit.v, a 
small amount of increased fluid in the joint, and tenderness over the anteromedial joint space. Follow- 
ing pneumo-arthrography (Figs. 10-A and 10-B), the complete diagnosis of tears of both the lateral 
and medial menisci was made, so that at operation on June 2, 1943, both menisci were excised through 
two small incisions. The patient made an excellent recoveiy, and was discharged to dutj’’ on July 8, 
1943. 


It would have been impossible to make the complete diagnosis in this case from the 
clinical findings alone. Therefore, another operation and much time were saved. 

Case 6017. The patient, aged twentj’'-two, was admitted on August 8, 1943, with a history of fre- 
quent slipping and partial locldng in the right knee since the original injmy of falling and twisting his 
knee during field manoeuvres in Februaiy 1940. Examination disclosed a slight amount of increased 
fluid, moderate lateral hj’’permobilit 3 % and anteromedial joint tenderness. The pneumarthrograms (Fig. 
11) confirmed hie diagnosis in this case. The medial meniscus, which was found to be completefi'^ torn 
loose from its base and markedh' shredded, was excised on August 11, 1943. The patient was transfen ed 
to another hospital for convalescence on October 5, 1943. 

Case 2665. An ofiicer, aged thirt 3 ^-three, was admitted on August 6, 1942, with a complaint of swell- 
ing, clicking, and pain on weight-bearing in the left knee, following a fall during manoeuvres on Jul.v 
10, 1942. Examination disclosed distinct point tenderness over the anteromedial aspect of the joint, 
with increased fluid, and occasional crepitus on motion. The patient was operated upon on August 11, 
1942. Because of the localized tenderness, the medial joint space was opened first, in spite of the noi- 
mal appearance of the medial meniscus in the pneumarthrograms (Fig. 12-A), although the lateral 
meniscus, as shown in Figure 12-B, appeared veiy thin and irregular. The medial meniscus was noi- 
mal, and the lateral meniscus was torn and marked^’' fra 3 md longitudinalfiq but not displaced. The lat- 
eral femoral cond 3 de also showed softening and roughening of the articular cartilage. This is one of our 
oarl 3 ’ cases, and is presented, because the clinical signs were entirefi' misleading, although the pneu- 
marthrograms indicated the tnie diagnosis. 

An unnecessary incision tvould have been avoided with more confidence in the pneu- 
tnartlirograins. 

Ca.se 5602. The patient, aged twent3'-one, was admitted Febmaiy 8, 1943, complaining of pain, 
weakness, and clicking in the left knee. Examination disclosed anteromedial joint tenderness with 
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crepitus and increased fluid in tiie joint. Tlio pnonniarthrogiams (Fig. 13) disclosed an irregular tear 
of the medial meniscus, and the tibial half was dislocated as in a typical bucket-handle tear. The fem- 
oral surface of the meniscus appeared i datively .snooth. The meniscus was e.xcised on February 27, 
1943, and the patient vas letiirned to duty on Apiil 28, 1943. 

C^SE 2922. This soldier, aged Unity-three, wa*- admitted September 2, 1942. On August 23, 1942, 
while working in a kitchen, the patient had slipped on the wet floor, twisting the right knee. On ad- 
mission he showed limitation of e.xtension of 15 degices, and anteromedial joint tenderness. The pneu- 
marthrograms (Fig. 14) confirmed the clinical diagnosis of fracture-dislocation of the medial meniscus. 
This was found at operation on September 11, 1912. The patient was leturned to duty on December 21, 
1942. 


When a portion of the meniscus is missing, as in this case, there is always a disloca- 
tion of the torn fragments. . 

Owe 1928. The patient, aged twenty-four, was admitted July 10, 1942, with a complaint of occa- 
sional slipping, catching, and swelling in the right knee, particulailj' after hiking This knee was first 
injured in football in 1933, and examination disclosed pain, tenderness, and clicking m the anteromedial 
joint space, with a slight amount of fluid in the joint. The pneumarthiograms of the lateral ^'lelv (Fig. 
15) disclosed a markedly enlarged fat pad with a dense fibrotic tip. At opeiation the anterior cornu of 
the medial meniscus was torn loose from its attachment to the tibia, and the thickened fat pad with a 
hyalinized tip overhung this portion of the medial meniscus. The anterior cornu and the fat pad were 
excised on July 17, 1942. The patient was returned to limited duty on December 22, 1942, with added 
diagnoses of essential hypertension and moderately severe varicose vems. 

C.ASE 770. The soldier, aged twenty-three, wiis admitted May 25, 1942, with a complaint of stiff 
knee and multiple bomb fragments sustained in a raid in Februaiy 1942. On admission there were mul- 
tiple scars over the anterior and medial aspects of the knee, with a wide draining aiea just proximal 
and medial to the patella. On July 24, 1942, many bomb fragments were lemoved with areas of dense 
scar tissue, and the large scar was coi’ered with a flap of skin. On January 13, 1943, other palpable frag- 
ments of foreign bodies were remoi’ed. On February 16, 1943, a partial arthroplasty of the knee was per- 
formed with e.x'cision of the patella, hfany fibrous bands and adhesions were found throughout the 
joint. The quadriceps tendon was lengthened and the anterior joint was lined with a fascia lata graft. 
The patient obtained range of motion of almost 90 degrees, and was returned to the United States on 
April 12, 1943. 

This case is presented to show the effect of foreign bodies and chronic infection in the 
joint space. We have found diminished joint capacity in all cases of infectious arthritis or 
synovitis. 

Case 5364. The patient, aged twenty-four, was admitted February 4, 1943, complaining of inability 
to march, due to recurrent pain and sivelhng in the right knee, which was first injured in football in 
1938. He showed a slight amount of increased fluid, and tenderness over the lateral joint space. The 



Fig. 13 

Case 5602. Bucket-handle fracture-disloca- 
tion of medial meniscus. IVith spread of the 
medial joint space, note that the medial menis- 
cus IS only partially visualized. A portion of 
the tip and tibial surface of the memscus is 
oisplaced into the center of the joint, leaving 
the small irregular fringe of the medial mems- 
cus attached to the base. Where a part of the 
meniscus is found to be missing or blunted, one 
‘tw’ays expect a dislocation of that portion 
01 the memscus. 
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Fig 14 

Case 2922. Bucket-handle fracture-disloca- 
tion of medial memscus. With spread of the 
medial joint space, note the missing portion of 
the medial meniscus and the irregular area of 
the base remaining attached .\t operation 
there was a bucket-handle fracture-dislocation 
involving about half of the ixidth of the mems- 
cus. Pneumarthrograms following surgical re- 
moval of a meniscus often have this appear- 
ance. Compare with the normal in Fig. 8-A. 
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Fjg. 15 

Case 1928. H.ypertrophiecl fat pad witli fibrous 
tip. This lateral view shows gioatly diminished 
ox 3 'gen in the anterior joint space between the 
patella and tibia, due to the hj'pertrojihiod in- 
frapatellar fat pad. The fibrotic tip of the 
lower edge of the fat pad is clearl}'' visualized. 



Fjg. 16 

. Case 770. Diminished joint space, due to 
infectipn and foreign-bod.v reaction in and 
around the knee joint. This lateral pneumar- 
(hrogram, made five months following injury 
sustained in a bombing raid, shows the marked 
diminution of the joint space which held only 
fifteen cubic centimeters of ox.vgen. At opera- 
tion marked fibrosis and partial fibrous ank}’- 
losis, jjarticularlj' around the medial condyle of 
the femur and patella were found. Compare 
with Fig. 7. 


pneumarthrograms confirmed the diagnosis of a torn lateral meniscus. This was excised on Febriiaiy 13, 
1943. At operation the posterior cornu was found to be folded back on itself, though this is not shown 
in the pneumarthrograms (Fig. 17). The patient was returned to dut 3 ’- on April 6, 1943. 

Case 5031. The soldier, aged twent 3 ’'-two, was admitted on January 13, 1943, with a complaint of 
pain, swelling, and occasional clicking in the right knee, following an injur 3 >- sustained when he jumped 
off a moving truck three weeks before. Pneumarthrograms (Fig. 18) confirmed the diagnosis of a torn 
lateral meniscus, which was removed on Februai 3 ’^ 1, 1943. The patient was returned to dut 3 ' on April 
15, 1943. 



Fig. 17 

Ca^-c 5364. Longitudinal and posterior tear 
of the lateral mcni!-vus. 'With spread of the lat- 
eral joint space, note the inegular longitudinal 
tear on the inferior or tibial surface of the lat- 
eral monibcus. Compare with the normal lateral 
(Fig. 9-A). Some of the.-e tears ma 3 ' be missed 
at ojjeration if onh’ the superior femoral sur- 
face of the meniscus is inspected. 


Fig. 18 

Ca.so 5031, Longitudinal tear of the lateral 
meniscus. 'With spread of the lateral joint 
space, note the irregular longitudinal tear 
through the center of the lateral meniscus, 
which extends almost to its ba-e. At operation, 
this tear was found and the meniscus was re- 
moved. Compare with the normal lateral 
(Fig. 9-A). 
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If pneuiuartlirogranis liad not been taken, this early case would have been treated 
conservatively until the patient had had recurrent episodes. The clinical diagnosis was 
sprain with possible tear of the lateral meniscus. 

C.\SE 1661. Tlic patient, aged twenty-eight, was admitted June 30, 1942, complaining of pain, ach- 
ing, and swelling of the left knee, and inability to march and hike. There was no recent historj' of in- 
jun- in this ca.=e, although the patient thought he had been struck’by a baseball in infanc 3 ^ Examina- 
tion disclosed a tender swollen mass on the lateral aspect of the knee joint. A clinical diagnosis of a 
c.vst of the lateral meni.scus was made. A jilain roentgenogram (Fig. 19-A) was reported negative, al- 
though after clinical examination a spread of the lateral joint space could be seen. The pneumarthro- 
grams (Fig. 19-B) in thi.s case .show the intere-ting contra-t between the ordinarj' film and the pneu- 
marthrograms, which show a normal medial meniscu.s and on the lateral side a huge meniscus, which 



Fig. 19-A 

Case 1661. Plain roentgenogram. This film 
was reported negatii’e. However, soft-tis.sue 
bulging and widening of the lateral joint space 
can be detected on careful study. We are pre- 
senting this film to show the marked absence 
of detail of intra-articular structure from that 
obtained in the pneumarthrogram. 



Fig. 20-.A 

(lase 1450. S.vnovioma in suprapatellar pouch. 
Phis lateral view discloses the size, shape, posi- 
tion, and attachment of the sjmovial tumor in 
the suprapatellar pouch. This tumor is not vis- 
ualized in the ordinarr' roentgenogram. Xote 
the incre.ased densitv of the fat pad in this 
pneumarthrogram. This may represent thick- 
cned sj-novia due to recurrent sjmoi'itis with 
effusion. 


Fig. 19-B 

Cyst of the lateral meniscus. When com- 
pared with the ordinary* roentgenogram, it can 
now be seen that the lateral meniscus almost 
completeb' fills the lateral joint space, and dis- 
places the joint capsule lateralb’. Note the ex- 
tremel.v broad base of the meniscus bulging 
into the sjmovial eavit.v, both above and below, 
and the areas of decreased densit.v m the menis- 
cu.s, representing the multilocular c.vst. The 
shadow of the medial meni.scus appears normal. 
Compare with the normal (Figs. 6 and 9-A). 



Fig. 20-B 

Thi.s anterior view shows the rounded solid 
tumor, well encapsulated, situated just proxi- 
mal to the patella in the suprapatellar pouch. 
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almost completely fills the joint space and bulges into the synovial pouch both above and below its base. 
The areas of decreased density in the meniscus, representing the multilocular cyst, are also visible. 


Case 1450. The soldier, aged twent 3 '-one, ' 
recurrent swelling in the right knee which had 



Fig. 21 

Case 2309. Osteochondritis dissecans. Note 
how well the oxygen outlines the s6mi-detached 
fragment of bone and cartilage in the medial 
cond.vle of the femur. In tlie plain antero- 
posterior roentgenogram, this defect can be de- 
tected on close inspection. There is too much 
fluid in this knee to allow proper visualization 
of the menisci. 


missed on the anteroposterior view. The 


ras admitted September 3, 1943, with a complaint of 
begun about three jmars before without trauma. Ex- 
amination disclosed increased fluid in tlie joint and a 
palpable mass in the suprapatellar pouch, which was 
attached to the floor of the bunsa. The lateral and 
anteroposterior pneumarthrograms (Figs. 20-A and 
20-B) outlined this tumor mass ivhich did not sliow on 
the ordinary roentgenograms. A benign synovioma, 
which ivas pedunculated and ivell encapsulated, was 
excised on September 17, 1943. On November 5, 1943, 
the patient was I'eturned to duty. 

Case 2309. The patient, aged twenty-three, was 
admitted July 22, 1942, with a complaint of pain, 
swelling, and grating in the left knee. The .soldier 
stated that his knee was first injured when he fell 
from a bic.vcle in 1935. Examination disclosed in- 
creased fluid with medial-joint tenderness and occa- 
sional crepitus. The pneumarthrograms (Fig. 21) 
clearty showed osteochondritis dissecans, and the 
semi-detached portion was excised on Jul.v 28, 1942. 
This defect showed on the ordinary roentgenograms, 
particularly on the lateral view, but could have been 
: was returned to dut.y on December 23, 1942. 


Fractures of the patella can also be well visualized on the anteroposterior view with 
pneumo-arthrography. 


SUMMARY 

1. A satisfactory procedure for oxygen pneumo-arthrography is presented which has 
been used in 508 examinations of the knee. 

2. The four steps in the procedure are outlined. 

3. The complicated anatomy of the lateral meniscus is emphasized and demonstrated 
by Figures 4 and 5. 

4. The difficult interpretation of the A'^arious shadoAvs invohung the lateral meniscus 
is discussed. 

5. A general outline for interpretation of pneumo-arthrographio Endings is presented. 

6. Fourteen cases in AAdiich operations AAmre performed are described to shoAv a vari- 
ety of lesions in Avhich the pneumarthrograms liaAm been of A'-alue. 

7. A plea is made for the necessity of perfect technique in this procedure to preA^ent 
disappointing results. 

CONCLUSIONS 

1. Pneumarthrograms haA^e been made of 508 knees Avith only negligible local reac- 
tions and no serious complications. 

2. The roentgenographic diagnosis of many internal derangements of the knee may 
be possible in the following types; 

0 . Many lesions and anomalies of the medial and lateral menisci; 

b. Cysts of the popliteal space AAdiich communicate AAuth the knee joint; 

c. A fcAV lesions of the infrapatellar fat pad; 

d. Some soft-tissue tumors of the synoAual membrane; 

e. Some large loose bodies; 

/. Relaxation of the collateral ligaments. 

3. The procedure described has in many cases facilitated an early and complete di- 
agnosis, Avhich has hastened appropriate therapy and a quicker return to active duty. 
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4. Oxygen pneumo-arthrograply has materially assisted the Army in the proper dis- 
position of cases. 

We wish to express our indebtedness to the manj' who have made this studj’" possible, and in par- 
ticular to the following: 

Colonel W. C. McCally, Lieutenant Colonel D. M. Glover, and the whole Surgical Sendee of the 
Fourth General Hospital for their aid. 

Lieutenant Colonel E. Frcedn^an and the whole X-Eay Department for their support and coopera- 
tion. 

Colonel J. B. Colquhoun and the Staff of the Orthopaedic Unit First Australian Armj' Medical 
Corps for their helpful experimentation and early interest. 
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LATERAL DISLOCATION OF THE PATELLA 


CORBECTION BY SIMULTANEOUS TRANSPLANTATION OF THE TiBIAL TuBERCLE 

AND Semitendinosus Tendon 

BY H. R. MCCARROLL; M.D., AND JOHN R. SCHWARTZMANN, M.D.; ST. LOUIS, MISSOURI 

From Shriners’ Hospital for Crippled Children, and Department of Surgery, 
Washington University School of Medicine, St. Louis 


Persistent or recurrent lateral dislocation of the patella may be either congenital or 
acquired. The congenital variety includes dislocations resulting from relaxation of the 
soft tissues about the joint (Fig. 1), from the flat or sloping anterior surface of the lateral 
femoral condyle, from an occasional congenital knock-knee (Fig. 2) , or from the rare in- 
stances of maldevelopment of the extensor mechanism of the knee. In this latter type, the 
quadriceps femoris muscle itself may be present, but atrophied and weak from disuse. The 
patella may be abnormally placed in the quadri6eps tendon or displaced far to the side, 
and the patellar tendon may be inserted on the lateral aspect of the tibia. In some in- 
stances, there appears to be complete absence of the vastus medialis portion of the quad- 
riceps femoris muscle. 

The acquired type of dislocation may result from one or more traumatic dislocations 
in which there is a tear and subsequent faulty repair of the soft-tissue structures on the 
medial aspect of the knee, or from an acquired knock-knee deformity. Frequently dislo- 
cation is produced by the abnormal pull of a biceps femoris tendon which had been previ- 
ously transplanted to the patella in an attempt to replace a paralyzed quadriceps muscle 
in poliomyelitis. Several years ago, transplantation into the patella of the biceps femoris 
tendon alone was a commonly practised procedure in attempting to provide a substitute 
for a paralyzed quadriceps mechanism. Adequate follow-up over a period of several 3'-ears 
revealed that many of these patients developed a lateral subluxation of the patella from 



Fig. 1 

Mother with unilateral congenital dislocation of the patella, and two children, aged six years and 
four 5-ears, with bilateral dislocations of similar t5-po. These were due apparently to congenital 
relaxation of soft-tissue structures on the medial aspect of the joint. The two children, although 
operated upon, are not included in this report because of insufficient time elapsed since the opera- 
tion. 
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the unbaJanced pull of the transplanted tendon. This was the factor primarily respon- 
sible for the institution of the double hamstring transplant, — namely, simultaneous trans- 
plantation of the biceps femoris and the semitendinosus tendons in order to produce a bal- 
anced pull on the patella from both the medial and lateral aspects. 

Many operative procedures, sixty according to one report, have been described for 
correction of persistent dislocation of the patella. These have been adequately reviewed 
by Campbell and by Hauser so that repetition seems unnecessary here. Likewise, no at- 
tempt will be made to discuss the merits of the various procedures. Each will undoubt- 
edly give satisfactorj" results in many instances, but none can be fully depended upon to 
afford permanent satisfactory correction in all cases. 

In this series of forty-three dislocating patellae, most of which have received treat- 
ment at the St. Louis Unit of the Shriners’ Hospitals for Crippled Children, thirty are 
classified as congenital in origin, and 
thirteen as acquired.. Of the thirty 
congenital cases, twenty-five have 
been thought to result primarilj’’ from 
congenital relaxation of the soft tis- 
sues about the joint, four from a 
marked congenital knock-knee de- 
formity, and one from maldevelop- 
ment of the quadriceps mechanism. 

Of the acquired type, eleven resulted 
from the transplantation of the biceps 
femoris tendon into the patella in an 
effort to replace a paratyzed muscle 
after an attack of poliomyelitis; one 
was thought to be due to repeated 
traumatic dislocations, and one re- 
sulted from an acquired knock-knee 
deformity. 



Tour different operative proce- . 
dures have been used in the treatment 
of these forty-three knees. In the few 
instances where knock-knee deformi- 


Fia 2 

Bilateial congenital dislocation of the patella, associ- 
ated with or lesulting from marked congenital knock- 
knee. 


ties were present, osteotomies and realignment of the extremity were performed in addi- 
tion to other reconstructive procedures. Osteotomies, therefore, are not included in the 
following consideration. In one series of four knees, the lateral half of the patellar ten- 
don was transplanted to the inner surface of the tibia according to the method of Gold- 
thwait. Recurrent dislocations occurred in two of these knees during the first year after 
operation, and the results were classed as unsatisfactor 3 L From a second series of five 
knees, in which the semitendinosus tendon was transplanted into the patella, four were 
satisfactory, while in one, dislocation recurred veiy soon after operation. 

In a third series of eleven knees, the tibial tubercle [tuberosity of the tibia] alone 
"as transplanted, medially and lower on the shaft of the tibia, similar to the procedure 
described by Hauser. This was the procedure most frequentty used at the Shriners’ Hos- 
pital between the jmars 1931 and 1935. Of the eleven cases, nine remained satisfactorjq 
and recurrent dislocations followed in two of the knees within a short period of time. This 


represents a failure in 18 per cent, of the cases, not greatlj’ different from the 10 per cent, 
of failures for the same procedure reported bj’ Houkoin. In one of our failures, the tibial 
tubercle was retransplanted at a second operation, but again the dislocation recurred; this 


was a case of poliomyelitis in which the dislocation was due to the pull of a transplanted 
biceps femoris tendon. The second failure, however, was in a case of congenital relaxa- 
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Fig. 3-A Fig. 3-B 

Diagrammatic sketch of the knee, showing Diagrammatic sketch, showing the same knee 
the usual relationships of the patella, patellar seen in Fig. 3-A, following operation. The tibial 
tendon, and tibial tubercle, with the knee ex- tubercle has been transplanted medially and 
tended in a congenital recurrent dislocation of inferiorly on the shaft of the tibia, and the in- 
the patella. Note that the patella lies over the section of the semitendinosus tendon has been 
lateral condyle, rather than in the groove be- transplanted into the patella. Note that the 
tween the two condyles. Also shown is the nor- patella is now fixed in its normal midrline rest- 
mal insertion for the tendon of the semitendi- ing position, 
nosus muscle. 

tion. Knock-knee deformity was not a factor in either case. The two failures for this op- 
eration in a series of eleven cases represent a percentage of unsatisfactory results too high 
to justify classification of the procedure as entirely satisfactory and acceptable. Trans- 
plantation of the tibial tubercle alone, therefore, has not been in use in this clinic since 
1935. It has been supplanted by transplantation of the semitendinosus tendon into the 
patella at the same time that the tibia'! tubercle is transplanted. This procedure has been 
carried out in the remaining twenty-three knees. This is not claimed as an original pro- 
cedure, because it is essentially a combination of the procedures of Plauser and Robertson, 
although the semitendinosus tendon is given a bony insertion into the patella. It is merely 
described as a relatively simple operation which has proved to be generally satisfactory. 
Once the patella has been shifted medially and firmly anchored to the medial aspect of 
the extremity from both above and below, it cannot redislocate into a lateral position. 
Since the procedure is usually extra-articular, there is a minimum of joint reaction and a 
maximum preservation of joint function. 

OPERATIVE TECHNIQUE 

A longitudinal mid-line incision is begun two inches (five centimeters) above the 
patella, and continued distally to the tibial tubercle. It is then curved medially and con- 
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tinued downward and medial]}’’ beneath tlie medial^ tibial condyle for approximately two 
more inches. The skin flaps are reflected, and the broad expansion of the sartorius ten- 
don is identified and opened in the line of its fibers. This exposes the insertions of the 
gracilis and semitendinosus tendons, the latter occupying the inferior position. The semi- 
tendinosus tendon is divided near its insertion, then freed from its other attachments to 
the adjacent tendons and ligamentous structures along the posteromedial aspect of the 
knee. A second incision, two inches in length, is made along the posteromedial surface of 
the thigh at about its mid-point. This point is made accessible by flexing the hip and 
knee, and permitting the hip to roll outward. By placing tension on the detached tendon 
below, the belly of the semitendinosus muscle can be easily felt and identified, lying along 
the posterior surface of the semimembranosus muscle. The overlying fascia is opened lon- 
gitudinally, and the muscle belly is lifted out with the index finger. By traction, the ten- 
don can then be pulled upward and brought out through this small incision. A larger in- 
cision is not necessary. A wider exposure only increases the amount of surrounding scar 
tissue, which may interfere with the gliding motion of the transplanted muscle and 
tendon. 


B}’ blunt dissection with scis- 
sors and a Kelly clamp, a tunnel is 
then made from the small upper 
incision, downward and forward 
through the subcutaneous tissue, to 
the upper limit of the original an- 
terior incision. The tunnel -is en- 
larged as needed at the proximal 
end in order to accommodate the 
muscle belly. The tendon is drawn 
through the tunnel and the small 
incision is closed. 

The tibial tubercle is then de- 
tached. This can be done by plac- 
ing a sharp thin osteotome directly 
back of the tendon, holding it paral- 
lel to the long axis of the leg, and 
removing only the superficial por- 
tion of the tubercle with the ten- 
dinous attachment. If the opera- 
tion is being done in a growing 
child, which is frequently the case, 
care must be taken not to damage 
the underlying epiphyseal line of 
the tibia. Experience has shown 
that this procedure can be carried 
out without injury to the growth 
structure. A block of bone is never 



Fig 4-A 



Fig 4-B 


removed, and it is not necessary for 
the success of the procedure. The 
patellar tendon is then freed from 
the underlying fat pad, and the lat- 
eral fascia is opened from below 
upward, along the lateral margin 
of the A’astiis lateralis, sufficiently 
kigh to permit shifting the patella 


Fig 4-.A Case 2 Congenital dislocation of tlie patella re- 
sulting from relaxation of the =oft-ti'?ne structures about 
the joint Kote the ea=e ^\lth ^^hlch the patella tan be dis- 
located lateralb’ from slight pressure exerted on the medial 
side 

Fig 4'B- Same knee folloi'ing simultaneous transplanta- 
tion of tibial tubercle and semitendino=us tendon Xote the 
new position for the tibial tubercle and the line of the ^emi- 
tendinosus tendon entering the patella Xote al-o the fixed 
mid-line position of the patella, even i^hen marked pre-mre 
IS exerted on its medial side 
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to its normal mid-line resting position. By traction on the patellar tendon, the detached 
tibial tubercle is shifted medially and distally on the shaft of the tibia as far as possible, 
which is usually one to one and a half inches below its original attachment. This point 
is marked .and, since it lies over the broad tendinous insertion of the sartorius, the struc- 
ture is opened further to expose the periosteum. Then the periosteum is outlined above 
and on the two sides with a scalpel, corresponding to the area where the transplant 
will be made. With a sharp osteotome a thick osteoperiosteal flap is reflected from above 
downward, with the base o”f elevated bone and periosteum below remaining intact. Small 
drill holes are made in this flap, through which the tibial tubercle is firmly anchored by 
means of heavy suture material. The sutures are placed through the patellar tendon and 
tibial tubercle at a point where firm tension will be maintained on the extensor mecha- 
nism to hold the patella in its normal position (Big. 3-B). The patellar tendon is further 
anchored to the adjacent periosteum, and to the overlying sartorius tendon as it is re- 
sutured. If there is any doubt about the firm anchorage of the tibial tubercle at this point, 
a small screw or threaded wire should be drilled through the osteoperiosteal flap and 
tibial tubercle into the shaft of the tibia, although this is usually unnecessaiy. 

Next, the tunnel is prepared through the body of the patella with a small osteotome. 
This is prepared from above downward so that the attachment of the tibial tubercle will 
not be disturbed, or the tunnel in the patella can be made before the attachment below is 
made. The semitendinosus tendon is then passed through this tunnel. It is firmly an- 
chored to both the quadriceps tendon and the patellar tendon, Avhere it is buried in grooves 
prepared in these two structures along the course of the transplanted tendon. Moderate 
tension is maintained on the transplanted tendon while the initial sutures are placed. 



Fit:. 5-A 

Ca.«o 3. Recurrent dislocation of right patella, 
duo to mild congenital relaxation and superim- 
posed trauma. Correction by .simultaneou.s 
transplantation of tibial tubercle and semiten- 
dinosus tendon at eighteen years of age. Photo- 
graph shows appearance of scar after seven 
years. Note the similarity of contour of the 
two knees. 



Fig. 5-B 

Note the degree of fle.xion which is possible 
seven years following operation. 
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Fig. 5-C 

Roentgenogram showing anteroposterior view 
of knee seven years following simultaneous 
transplantation of tibial tubercle and semiten- 
dinosus tendon. Note the mid-line position of 
the patella and the excess bone formation on 
medial aspect of tibia, marking the point of 
new attachment for the tibial tubercle. The 
knee joint itself retains its normal contour. 





Fig. 5-D 

Roentgenogram showing lateral view of same 
knee seven years after operation. Note the 
concavity on the anterior surface of the tibia 
where the tibial tubercle was detached. This 
was an adult knee and some bone was trans- 
planted with the tendon. Note also the tunnel 
along the anterior surface of the patella, which 
marks the new insertion of the semitendinosus 
tendon. The smooth articular surface of the 
patella is not disturbed. 


No attempt is made to close the opening in the lateral fascia. Closure is carried out 
in the usual way, and the extremity is encased in a plaster cast, extending from the toes 
to the groin. Sutures are removed after one week, but the cast is continued for four weeks. 
If postoperative swelling has necessitated cutting the original cast, a new one is applied 
when the sutures are removed. After four weeks, a skin-tight plaster cuff is applied, 
which extends from the upper thigh to within two inches of the malleoli. This is applied 
over stockinette which is anchored to the leg by skin application of an adherent. The knee 
IS held in flexion of about 5 degrees, in order that it may be more comfortable. Weight- 
bearing, without crutches, is then instituted, and the patient is permitted activity. The 
plaster cuff is removed after another four weeks (making a total of eight weeks of im- 
mobilization) , and the patient is permitted to re-establish motion in the joint by active 
use. 


RESULTS 

This procedure has been performed on twenty-three knees, twenty in children under 
sixteen years of age, and three in adults. Satisfactorj’^ function has been restored in all the 
joints, and no recurrent dislocations have followed. Cases which have not been followed 
for at least one year after operation arc not included. The longest follow-up has been 
seven years, and the average is three years. 

Essentially normal motion has been established in all joints. A moderate amount of 
traumatic arthritis was present in two of the adult knees prior to operation, presumably 
due to the recurring dislocations. There was definite improvement in the amount of crep- 
itus felt on motion after operation. 
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SUMMARY 

Simultaneous transplantation of the tibial tubercle and semitendinosus tendon for 
correction of lateral dislocation of the patella is a rational procedure, and not technically 
difficult. In twenty-three consecutive cases, there has been no recurrence of the disloca- 
tion, and satisfactory function has been maintained in all cases. Various other proce- 
dures, previously described, have failed to give the same satisfactory results in our hands. 
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DELAYED PRIMARY CLOSURE OF WOUNDS 
WITH COMPOUND FRACTURES 

BY LIEUTENANT COLONEL MATHER CLEVELAND AND MAJOR JOHN A. GROVE 
Medical Corps, Army of the United States 

The initial treatment of the wounded soldier with a fracture, due to gunshot, shell, 
mine, or other external explosive force, consists of a careful debridement, or surgical ex- 
cision of devitalized tissue. This tissue is largely muscle, the fibers of which have been 
killed by the enormous expansile force of the high-velocity projectile. Fascial planes are 
opened widely to relieve all tension. Every effort is made to conserve skin and bone, since 
an intact skin is essential to healing of all underlying structures, and an intact bone is es- 
sential to the proper support of the involved part. Easily accessible foreign bodies and 
bits of clothing are removed. A vaseline-gauze dressing is lightly inserted to the depths 
of the wound. This dressing is merely intended to keep the skin edges from immediately 
falling together, and thereby blocking drainage, should infection supervene. It is not in- 
tended, and should not be used to “pack” the wound open. The extremity is then encased 
in a circular plaster-of-Paris dressing to allow as comfortable transportation as possible. 
The forward hospitals are not held responsible for the anatomical reduction of these frac- 
tures. 

The time elapsing between receiving a wound and arrival in a General Hospital, where 
definitive treatment of compound fractures may be instituted, has increased as the battle 
front has moved forward farther and farther beyond the Normandy beachhead. During 
the summer months following D-Day, our wounded arrived in the United Kingdom three 
to five days after being wounded. At the present time, the average interval is ten days 
to two weeks and, in some instances, much longei. 

When the battle casualties with compound fractures arrive at these General Hospi- 

* Read at the Annual Meeting of The British Orthopaedic Association, London, December 15, 1944 . 
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tals, the plastei’-of-Paris and vaseline dressing are removed as soon as possible, and the 
underh’ing wound and fracture are inspected. If conditions are satisfactoiy, skeletal trac- 
tion' is applied to secure proper length and alignment of the fracture. 

Skeletal traction is maintained by a Kirschner wire or Steinmann pin, with the cx- 
tremitj' in balanced suspension in an army ring splint, with a Pearson attachment for long- 
bone fractures of the lower extremity. The ring splint is veiy rarely used for upper- 
extremity skeletal traction. Skeletal traction secures and maintains reduction of the vast 
majority of these fractures of the long bones. It is continued until the fractures have con- 
solidated or “frozen” sufficiently to ensure maintenance of position in circular plaster-of- 
Paris dressings, during the period of transfer to the Zone of the Interior. While these frac- 
tures are in skeletal traction, exercise of involved muscles is encouraged to secure motion 
in the joints above and below the fracture site. This holding period for these compound 
fractures varies from five to ten weeks, depending upon the site and type of the fracture. 
During this time every effort is made to convert the fractures from a compound to a sim- 
ple state bj’ closure of the wounds bj' suture or skin graft, or by employing plastic pro- 
cedures, where there has been such extensive loss of skin that there is no possibility of re- 
storing an intact integument with the tissue remaining. We have seen a great many of 
these wounds that can be immediately closed by suture at the time of the first dressing. 

The technique of closure of these wounds should be considered at the earliest possible 
moment. The skin edges during the first ten days are mobile, and usually they may be 
readily approximated, if there is little loss of skin. A careful, minimal, secondarj' de- 
bridement may sometimes be required ; but wet dressings of saline solution, applied for a 
day or two, will usually clear away the surface debris. The wound should be approxi- 
mated with widely spaced and deeply placed non-absorbable sutures, without tension. If 
a skin graft is required, the recipient site is almost- invariably treated with the wet dress- 
ing already mentioned, for approximately three days prior to operation. Delayed closure 
of wounds, where more than ten da3's to two weeks have elapsed from the time of wound- 
ing, requires removal of the new epithelium and mobilization of the skin bj' gentle under- 
cutting of the edges which have become adherent. Hemostasis must be secured in am' 
event. In either earlj' or delayed closure, a small, rubber tissue drain is often left in the 
wound for twenty-four to forty-eight hours. 

No attempt is made to secure a cosmetic result in these extremitj' wounds. 

The advantages which accrue from the successful closure of these wounds are obvious. 
Underljdng exposed bone is conserved, and healing of bone and soft tissue is accelerated. 
The prolonged drainage incident to healing of the wound from the depths to the surface 
by scar tissue is obviated. Repair of divided peripheral nerves, open reduction of such 
few fractures as require this procedure — ^with bone grafts where necessarj' — all maj* be 
accomplished relatively earlj' and with greater ease. 

While it is too earlj' to state conclusivelj’ the final outcome of this ri'pe of surger}*, 
certain facts maj' be presented and trends noted from statistical data, collected at several 
of our medical installations. 

Major John Grove has collected a large series of cases from the hospital center of 
which he is Surgical Coordinator. Lieutenant Colonel John C. Eckells, and Lieutenant 
Colonel Elliott Thieme have contributed series of cases from the respective hospitals 
where each has been serving as Chief of Surgical Service. ISIajor James Barr has made a 
yerj- detailed study of the closure of wounds in cases of compound fractures on his Serv- 
ice. An attempt to briefij' summarize these various observations will be made. 

1. A Study of Nmety-Seven Compound Fractures of Long Bones in Prisoners of TEnr 

In manj' instances these prisoners were caught between the lines of fire and consid- 
erable delaj' resulted between the time of recemng the wound and the first definitive 
treatment. Onlj' sixteen of these ninetj'-seven patients had received penicillin or other 
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chemotherapy prior to debridement. Only thirty-three of these ninety-seven wounds, or 
34 per cent., were considered clean enough to be closed by delayed suture. 

2. A Study of Closure by Suture of the Wounds of Fifty-One Prisoners of War 

There was complete success in thirty-two cases, or 62 per cent.; partial success in fif- 
teen, or 29 per cent. ; and complete failure in four, oi’ approximately 8 per cent. 

An effort to reach any conclusions in this small series of patients yields the following: 

a. The Effect of Penicillin on Eventunl Healing of the Sutured Wound 

Only seven of these fifty-one patients received any penicillin, an average of 50,000 
units each, before primary surgical debridement was done; while thirty-one patients re- 
ceived approximately 120,000 units each, following debridement. 

Of the four complete failures, two received penicillin and two did not. 

b. Twie Elapsed Between Wounding and Primary Surgical Debridement in Relation 
to Successful Closure of Woimd 

The thirty-two patients whose wounds healed promptly and completely by delayed 
suture included three whosp primary debridement was done on the day of wounding, while 
the average time elapsed for the remaining twenty-nine was thirty -two hours. • 

Of the nineteen patients in whom closure was a complete or partial failure, debride- 
ment was done on the day of wounding in six, and in the remaining thirteen after an aver- 
age of seventy-two hours. 

This evidence simply furnishes corroboration of the established fact that delay be- 
tween wounding and debridement favors a higher incidence of infection — often serious, as 
in the case of these prisoners, where gas bacillus gangrene and tetanus resulted. 

3. Certain Factors Influencing Healing of Woujids Over Compound Fractures by Delayed 
Primary Suture 

This is a careful study of seventy-three soldiers with 107 wounds compounding their 
fractures. A final closure by suture of 90 per cent, or more of the wound was considered a 
successful outcome in this series. The results were analyzed in relation to the following six 
factors: 

♦ 

a. Status of red blood cells and hemoglobin, 

b. Location of wound, 

c. Size of wound, 

d. Type of discharge from wound, 

e. Chemotherapy, 

f. Time elapsed between wounding and closure of wound. 

a. Status of Red-Blood-Cell Count and Hemoglobin Determination 

This is of great importance. In patients with a red-cell count of two to three million 
cells and hemoglobin of 50 to 60 per cent., the successful closures recorded were 63 per 
cent, and 53 per cent., respectively; while with red-cell counts of four to five million and 
hemoglobin determination of 80 to 90 per cent., the closures were successful in 95 per 
cent, and 88 per cent., respectively. The obvious explanation is that many of our wounded 
require adequate blood transfusion when they arrive in Genez’al Hospitals. 

b. Location of the Wound 

With good mobility of the skin and abundant subcutaneous tissue, wounds are more 
readily closed. Of the wounds of the shoulder, arm, forearm, and hand, selected for clos- 
ure 100 per cent, were successfully closed and remained healed, whereas only 67 per cent, 
of the wounds of the leg, ankle, and foot were successfully closed and remained healed. 
The fact that wounds of the lower extremity are more apt to he contaminated by bactei-ia 
must also be considered in part responsible for the greater number of failures of success- 
ful closure of wounds of the leg, ankle, and foot. 
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c. Size of the Wound 

The chance of closing a wound by suture varies inversely with its size. Skin grafts 
must be used in inaity of the larger wounds. 

d. Type of Discharge from the Wound 

Wounds with serous discharge may be readily closed, but, if there is a seropurulent 
discharge from the wound, a high percentage of failures must be expected. Basic surgical 
principles of course cannot be violated with impunity. 

e. Chemotherapy 

In this series of wounds, the largest number of partial or complete failures were re- 
corded in the sixty-three wounds in patients who received penicillin, sulfadiazine, or both 
after admission to this hospital. It is fair to assume that this group probably consisted 
of the least favorable wounds from all standpoints. The use of these chemotherapeutic 
agents is no guarantee of success in closing wounds the bacteriology of which is unknown. 

f. Time Elapsed from Wounding to Closure 

All of these wounds were closed within thirteen days or less following wounding, and 
it was found that wounds closed on the thirteenth day healed and remained healed as 
readily as those closed on the eighth or ninth day. 

4. Closure of Wounds over Compound Fractures in a Large Hospital Center 

One of the hospital centers of our medical installations in the European Theater of 
Operations, during the past five months, has received and treated 5,042 compound frac- 
tures, excluding the bones of the face, skull, and spine with associated spinal-cord injury. 
All but a few of these fractures resulted from battle casualties. The bones of the lower 
extremity were involved in 2,614 instances; those of the upper extremity, in 1,895; and 
all others, including the pelvis, scapula, patella, clavicle, and vertebrae in that order, com- 
prised a group of 533. The bones most frequently fractured were the tibia (757), hu- 
merus (702) , and femur (684) . Fractures of the long bones were, for the most part, treated 
with skeletal traction and balanced suspension. 

Delayed primary closure of the wounds of these compound fractures was attempted 
m 2,393 patients. The average time between wounding and closure of the wound in this 
series was fourteen days. Closure of the wound was accomplished by suture in 2,087 
cases, by skin graft in 236, and by combination of suture and skin gi-aft in seventy cases. 

In many large wounds with frank infection, a partial closure of the wound was per- 
formed with free drainage at the site of maximum infection, and at times counterincision 
was made for dependent drainage. The partial closure of large draining surfaces prevents 
loss of serum, and is accompanied by marked improvement in the patient’s general condi- 
tion. 

In this extensive series of cases, it was noted that anaemia was common, and transfu- 
sions of whole blood were frequently required to build up the patient’s general condition. 

Elevation of the wounded extremity, and skeletal traction with balanced suspension 
reduced the oedema of the part, and facilitated closure of the wound. 

Skin-grafting by split-thickness free grafts has been done with increasing frequency; 
and in wounds with considerable loss of bone and soft tissue, especially those of the hands, 
feet, and forearms, pedicle grafts are being employed. These pedicle grafts are performed 
at those hospitals designated for plastic surgery. 

Results of Surgical Closure: The results of the attempts to convert these compound 
fractures into simple fractures were as follows: 

a. Complete success with healing by primary intention occurred in 1,.592 cases, or 
66.53 per cent, of the total. 

b. ParUal failure occurred in 640 cases, or 26.74 per cent, of the total. 

Those cases rated as partial failures showed a small sinus, a stitch abscess, or a par- 
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tial loss of a skin graft. All but a very few of tliese wounds, counted as partial failures, 
healed by a second suture or skin graft or spontaneously, and were healed when the pa- 
tients left the hospital. This means that a total of 93 per cent, of the patients in whom 
plosures were attempted left the hospital with their wounds healed. 

c. Complete failure occurred in 161 cases or 6.73 per cent, of the total. 

By complete failure is meant an entire breaking open, of the wound spontaneously, or 
the development of an osteomyelitis which necessitated the wide opening of the wound sur- 
gically. 

Common sites for these complete failures were wounds involving the upper third of 
the femur, or the pelvis, complicated by penetration of bladder or bowel. The wounds in- 
volving the lower third of the leg and foot also ranked high among the complete failures. 
Cultures of bacteria from these wounds, which failed to heal, revealed a mixed type of in- 
fection with staphylococci and bacilli of the colon group predominating. 

Spontaneous Healing of Compound Fractures: It is interesting to note that among 
these 5,042 compound fractures, 2,152 cases, or approximately 42 per cent, of the total, 
showed spontaneous healing of the wounds during the period the patients were hospitalized 
in this theater of operations. The majority of these were small penetrating or perforating 
wounds. 

Healing of the Wounds of the Entire 6 , 04 ^ Compoxmd Fractures: In this series of pa- 
tients, failure of healing was noted in 161 unsuccessful attempts at closure, and in 497 of 
the 2,649 patients on whom no attempt at surgical closure was made, — a total of 658 
wounds which failed to heal in the entire 5,042 cases. The maximum holding period for 
these patients in this theater of operations is approximately ten to twelve weeks, depend- 
ing upon the fracture. It is significant that within this time, 87 per cent, of these frac- 
tures were converted from compound to simple state by healing of the wounds. 

Osteomyelitis: Frank infection of the fractured bone was noted in 272 patients, an 
incidence of 5.4 per cent, of the total. 


SUMMARY 

Delayed primary closure of wounds over compound fractures can be accomplished by 
surgical means in a very high percentage of battle casualties. In a series of 2,393 closures 
of wounds over compound fractures, 93 per cent, had healed when the patients left the hos- 
pital. 

The factors which seem to influence the success of this treatment are: 

(1) Early and adequate surgical debridement of the wound. 

(2) Rapid evacuation of the wounded to the rear medical installations, where this 
definitive treatment may be carried out. 

(3) A low incidence of serious infection, which is due to the early surgical treatment 
mentioned above, and to the age and generally excellent physical condition of the 
patients involved. The use of sulfonamides and penicillin probably exerts a ben- 
eficial influence on this low incidence of infection. Controlled experimental proof 
of this is not available. 

(4) Whole-blood transfusions to combat the anaemia, which is present in many of 
these wounded, ensure a higher percentage of successful surgical closures of 
wounds. 
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EXPERIENCE WITH WHOLE BLOOD AND PLASMA « 


BY CAPTAIN FOREST H. COULSON 
Medical Corps, Army of the United Stales 

In the preinvasion planning for the use of whole blood in ‘casualties among the United 
States Forces, estimates were made that plasma would be sufficient to restore blood vol- 
ume in nine wounded out of ten. The tenth man would need a blood transfusion and, 
even in his case, plasma would be used in the ratio of two units for one of whole blood. 

The European-Theater-of-Operations Blood Bank was established to supply units of 
Tj'pe 0 whole blood to Clearing Stations, Field Hospitals, and Evacuation Hospitals in 
the Army Area, and to Station and General Hospitals in the Communications Zone. It 
was felt that these units would be unable to supply whole blood in sufficient quantities 
for their needs, or to practise a technique suitable for the preparation of intravenous fluids 
under field conditions. 

Whole blood has been shipped by air transport almost daily since June 13, 1944, 
from the Blood Bank to Blood Bank Detachments in France. During the first week of the 
invasion it was carried to the beaches on LST’s (Landing Ship Tanks) and Hospital Car- 
riers. The units of blood were packed for the journey in Quartermaster refrigerator cans 
with ice as the refrigerant. Delivery to medical units was made by detachments of the 
Blood Bank, equipped with refrigerators on trucks. 

Within the first month after D-Day, it became apparent that the E. T. 0. Blood 
Bank alone could not furnish all of the Type 0 blood, demanded by medical units in 
France. A call was made to the United States for a daily supply of whole blood to sup- 
plement that produced in the United Kingdom. There had been no lull in the activities 
of the American Red Cross in the United States in securing blood from civilians for the 
supply of plasma. Under the direction of the Surgeon General, part of the blood collected 
in Washington, New York, and Boston was used to help meet the unexpected demand. As 
a preservative, 500 cubic centimeters of Alsever’s solution was used, w^hen the blood wms 
not refrigerated during the flight to the United Kingdom. It wms determined that in this 
solution there wms not sufficient hemolysis of red cells to be dangerous to the recipient. 

On August 24, the first shipment of blood from the United States landed at an air- 
port in Scotland, and daily shipments were received there until the planes from the United 
States could land directly in Paris. After twmnty-four hours of refrigeration, supervised 
by a Blood Bank Detachment, the blood was flown from Scotland to France, where it was 
combined with shipments from the E. T. O. Blood Bank, and distributed to the medical 
units. 

A third source of whole blood has appeared with the establishment of the second 
E. T. 0. Blood Bank, which has been operating in Paris since November 1. 

There are three main reasons for the use of blood, far in excess of expectations. First, 
when there has been a rapid and copious loss of blood, plasma alone has been found insuf- 
ficient. This condition is an indication for immediate transfusions of whole blood, and as 
many as four or five units have been given to these patients over a period of a few hours. 
Only in casualties wdth relatively small loss of blood or slow hemorrhage can plasma be 
used to restore part or all of the blood volume. Second, emergencj'- surgical procedures re- 
quiring the support of whole blood, preoperatively and postoperativelj’’, are being done 
more frequently and farther forward in the line of evacuation than was expected. A third 
cause of the great demand is the fact that whole blood has become so readilj' available 
through the Blood Bank. Furthermore, it is so easi' to use, when typing and crossmatch- 

* Read at the Annual Meeting of The British Orthopaedic Association, London, December 15, 1914. 
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ing arc not necessary, that it is being used to sujiport jiaticnts with gas gangrene and otlic 
severe infections during their course of therapy with sulfadiazine and penicillin. 

Accurate figures, showing the actual comparison in the use of plasma and whole blooc 
for war casualties, are not yet available; but certainly the ratio will not be that expectec 
before D-Day. 


TRANSPORTATION OF THE WOUNDED SOLDIER * 


BY LIEUTENANT COLONEL JOHN G. MANNING 
Medical Corps, Army of the United Slates 


It is the policy of the Medical Corps of the United States Army to transport the 
wounded soldier to the rear as rapidly as possible, and to administer definitive therapy in 
General Hospitals. At the present time, all patients 'with fractures of the long bones are 
transported to General Hospitals in the United Kingdom, where the fractures are reduced 
by skeletal traction, and delayed primary wound closures are performed to convert com- 
pound fractures into simple fractures. The long journey from the front line is made in 
short trips by ambulance, hospital train, and hospital ship, or bj'- airplane. If airplane 
travel is not available, ten to fourteen days are usually required to move the wounded 
soldier from the German border to a General Hospital in the United Kingdom. 

The care given to the soldier in the forward ai’cas and during transit is directed 
toward the relief of pain, prevention and treatment of shock and infection, and ensuring 
comfort. 

From the battlefield to the Battalion Aid Station the wounded arc carried either by 
litter bearers, or by litter-carrying jeeps. As much use as jiossiblc is made of the jeejis, 
to save both time and labor. Armored A^ehicles arc sometimes used, especially if the 
battle is quite active. The time required to move the wounded back to the Aid Station 
varies considerabU, depending upon weather, terrain, and Jjattlc conditions. Under favor- 
able circumstances, however, it is possible to remove the majority of litter cases in half an 


hour. • . 

Afthe Battalion Aid Station, the first real opportunity is aflorded to apply an ade- 
quate splint for fracture of the long liones. The Army lialf-ring log splint, with ankle 
traction strap, is put on for fractures of the thigh ami leg. ^'ell)eau’s bandage is applied 
for fractures of the humerus, and wire ladder splints for fractures of the forearm and 
wrist and ankle and foot. After the soldier’s wounds have been dre.ssed, splints applied, 
and morphine and sulfonamides administered, he is transpoited by ambulance to a col- 
^ Read at the Annual Meeting of The British Orthop.aedic A.-.-ociation, London, Deron.her 15, 1014. 
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lecting point, called the collecting companjL This ambulance haul usually takes from ten 
to fifteen minutes. At this point, cases are sorted, and those soldiers requiring further 
first-aid treatment, application or reapplication of splints, or resuscitation are held until 
that treatment can be administered, rvhile the otliers are transported on to the clearing 
company. During the month of November, the majority of cases arrived back at the 
clearing company within an interval of two to four hours from time of wounding. At 
this installation, penicillin is administered, and blood and oxj’gen are available for resus- 
citation. Here, further sorting is done, and a few- inen remain at this point for treatment. 
The patients who are able to be transported are sent bj' ambulance to the Evacuation 
Hospitals, five to twenty-five miles to tiie rear. The cases of abdominal and chest wounds 
and other patients who, in the opinion of the medical officer, will not tolerate a long am- 
bulance ride, are sent to the Field Hospital which is set up within a few hundred yards 
of the clearing company. This is the farthest forward medical installation which is 
equipped to perform primaiy surgical treatment. 

At the Evacuation Hospital where most of the extremity wounds receive primarj’’ 
surgical treatment, another sorting occurs to determine priority for surgery. Careful de- 
bridement of the wounds is performed, and the fractures are immobilized in circular 
plaster-of-Paris splints for transportation. These plaster splints are not intended to hold 
the extremity in reduction, or even in good alignment, but are for the purpose of immobili- 
zation of the bone and soft tissue, so that the soldier can be transported comfortabljL 
Evacuation and Field Hospitals are the first medical installations in which plaster-of- 
Paris splints are applied. The following splints are used: circular plaster for fractures of 
the bones of the forearm; Velpeau’s plaster bandage, and shoulder spica for fractm-es of 
the shoulder and humerus; double plaster-of-Paris spica for fractures of the femur; long 
circular plaster-of-Paris for fractures of the tibia and fibula; short circular plaster splints 
for fractures of the foot. All circular plasters applied to extremities are split down to the 
skin so as to divide all circular dressings. The majority of patients with fractures which 
do not have other complicating lesions are ready for transportation within twenty-four to 
thirty-six hours after debridement has been performed. 

From the Field and Evacuation Hospitals the soldier is again transported by ambu- 
lance to a center which is served by hospital trains, or which has airfields located nearby. 
In this center there are usually a number of General Hospitals which serve as Transit 
Hospitals. The time required for the ambulance trip from the Evacuation Hospital to 
the General Hospital again varies with the distance, but is usually not more than two to 
three hours. At the Transit Hospitals the chemotherapy is continued, and any complica- 
tion which' may have arisen is dealt with. As soon as a hospital train is available for load- 
ing, the men are transported to it bj" ambulance. The trip by hospital train to another 
hospital center usually takes twenty-four hours. The patients are then held in another 
Transit Hospital either for air evacuation or transfer to another hospital train, which will 
take them to a port. This trip requires twenty-four to thirty-six hours. At the port the 
men are again held in a hospital for transport by air if available, or for transfer to a hos- 
pital ship. The hospital ship crossing requires twelve to twenty-four hours. The patients 
will again be held in a Transit Hospital until a hospital train is available. From the hos- 
pital train they are transported by ambulance to the General Hospital in the United 
Kingdom. 

If they are transported by air, they will arrive at an airfield in the United Kingdom, 
pass to Transit Hospitals by ambulance, thence to hospital train, and by ambulance to 
the General Hospital. 

The journey is a long one, but the patients have been able to tolerate it, because all 
along the route of evacuation they have received medical attention, and have been given 
good general care. Although the time required for evacuation is verj- long, we believe 
that, except in a few instances, it has not jeopardized the soldier's life or limb. 
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THE INTERVERTEBRAL DISC: ITS MICROSCOPIC ANATOMY 

AND PATHOLOGY 

Part III. Pathological Changes in the Intervertebral Disc 

BY MARK B. COVENTRY, M.D., RALPH K, GHORMLEY, M.D., AND 
JAMES W. KERNOHAN, M.D., ROCHESTER, MINNESOTA 

From the Section on Orthopaedic Suracry and the Division of 
Surgical Pathology, Mayo Clinic, Rochester 

In previous papers * we have discussed the anatomy, development, and physiology 
of the intervertebral disc, and the changes in it concomitant with age. The borderline is 
indistinct between the degenerative changes accompanying the aging process, and those 
. that may be termed pathological. In many instances, it is difficult to know where one ends 
and the other begins. While destruction of a disc by infection is definitely pathological, 
there are the additional changes produced by senescent arthritis or nuclear expansion. In 
lesser degrees both of these changes are so often encountered in certain age periods as 
to be considered normal. However, in their more advanced forms, they are abnormal or 
■ pathological. Usually, pathological changes are manifested in the roentgenogram of the 

TABLE I 

Incidence of Pathological Discs 


Pat]iological Changes 


Number 
of Cases 


Nuclear expansion 7 

Ballooning 5 

Thinning . . . 9 

Intraspongy nuclear protrusions (Schmorl bodies) 

Microscopic 56 

(Gross 5) 

Anterior nuclear protrusions 1 

Posterior nuclear protrusions 7 

Calcified nucleus pulposus 1 

Invasion by infection 1 

Invasion by malignancy 1 


Total 


88 * 


* Routine necropsy specimens 85 ; added cases 3. 


gross Specimen by such phenomena as thinning, “ballooning”, and calcification of the nu- 
cleus. However, microscopic changes which are not visible by roentgenogram may also be 
pathological. 

The pathological changes to be discussed have been found in discs removed during 
routine necropsy, with the exception of three cases which were added to complete the 
study. These added specimens showed: (1) a disc invaded by carcinoma; (2) a disc de- 
stroyed by infection; and (3) a disc in the thoracic region from a case of senile osteoporo- 
sis. In considering Table I, it should be remembered that the incidence of pathological 
discs found in this study only approximates the actual incidence of pathological discs in 
the patients studied. It has been impossible to determine in how many cases there were 
bony spurs, for a microscopic section takes in only a veiy small amount of a disc and the 
adjacent vertebrae. The same may be said of all the other pathological affections, although 
a disc which has undergone definite pathological changes usually exhibits some of these 
changes in all of its parts. Of course, the recorded incidence of pathological specimens, in 
which diagnoses were made from the thinning, ballooning, nuclear expansion, calcifi- 

♦ See Part I (p. 105, Jauuai^- 1945) and Part II (p. 233, April 1945). 
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cation, and Sclimorl bodies visible in the roentgenograms, is fairly accurate, and of some 
significance. 

A. HYPERTROPHIC ARTHRITIS 

Beadle, quoting Schmorl’s work, stated that the osteophjdes form just below the 
outer edge of the ejiiphyseal ring on the front and sides of the vertebral bodies. The}’^ may 
grow to enormous size, and may fuse with the adjacent spuis from above or below. Th'ej’^ 
appear to be linked b}' calcification in the longitudinal ligaments, often seen in spondy- 
litis deformans. 

The cause of osteophytic growth in the spinal column was first expounded by Beneke, 
in 1897. His theory was that because of degeneration, with resultant loss of disc substance, 
there is increased inovability of the vertebral bodies on one another. As the motion in- 
creases, tension is placed on the attachment of the longitudinal ligament above and below 
the disc anteriorly. The ligaments are implanted deeply in the bone as Sharpey fibers. 
This pulling stimulates the periosteum to formation of new bone, much as the tension on 
tendinous attachments among children causes characteristic bony ridges and tubercles. 

IVhj' osteophytes do not usuallj^ occur posteriorly is also explained by this hjqiothesis. 
Since the posterior longitudinal ligament is not attached firmlj* to bone, tension on it tears 
the annulus, to which it is adherent, but does not stimulate the periosteum to any extent. 

Donohue modified this hypothesis of the causation of osteophytic growths by stating 
that it is the lateral and anterior bulging of hypermobile, degenerated discs that stretches 
the ligaments and in turn pulls on the periosteum, causing it to create new bone. 


B. NUCLEAR EXPANSION 

The majority of the discs in the lumbosacral region, beyond the age of fifteen years 
or so, e.xhibit a varying degree of what is spoken of as nuclear expansion. For this reason 



Fic. 1 

Inten ertebral disc of a jouth, aged twentj' years, a Section (X3 75), showing nuclear expansion. 
Arrows indicate a Schmorl body. A (box) is enlarged as Fig 5 of Part II of this senes of papers 
o. Koentgenogram. The arrow indicates a Schmorl body. 
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one hesitates to classify nuclear expansion as a pathological entity. As the name implies, 
there is expansion of the disc in the region of the nucleus pulposus, at the junction of the 
middle and posterior thirds of the disc. This occurs most prominently in the lumbar 
region. This expansion is physiological rather than pathological, except in its marked de- 
grees, in which it may truly be termed abnormal (Fig. l,a and b ) . Seven cases of marked 
expansion — that is, expansion enough to be termed pathological — have been encountered 
in this study. 

Nuclear expansion is due to the turgor and potential force in the nucleus pulposus. It 
is natural for the nucleus, under tension, to expand somewhat into the adjacent bone. This 
bone is not osteoporotic in the disc which shows nuclear expansion. When osteoporosis is 
present, ballooning takes place instead. This is a diffuse, rather than a localized, expan- . 
sion. Schmorl found nuclear expansion at very early ages, and expressed the belief that it 
is caused by developmental defects in the cai’tilaginous plate. Beadle qualified this, stating 
that it results from slight trauma to a spinal column in which there is an unexplained con- 
genital weakness. No one, however, has explained why expansion does not occur in discs 
in which there are multiple defects of the cartilaginous plates. Some of the specimens in 
this study have all the factors that one would think necessary for marked expansion, but 
none occui’s. The fact that expansions occur most commonly in the young middle-age 
group supports tlbermuth’s contention that it is at this time that the nucleus functions 
most strongly and is at its "high-water-mark”. 

This study has confirmed most of Schmorl’s observations on nuclear expansion, — 
namely, thinning of the cartilaginous plate at the point of maximal bulge (this could 
theoretically be a result rather than a cause of expansion) , and defects in the region of 
the bulge, with occasional nuclear protrusions. The nucleus is in good condition,' — that is, 
in specimens exhibiting expansion, it is not fibrotic or desiccated. Perhaps the only cause 
for nuclear expansion is that the nucleus itself has an abnormally high water content, 
with resulting increased tension. At any rate, nuclear expansion, even when it is consid- 
erable, probably does not produce clinical symptoms. 



Fig. 2-A 

Ballooned intervertebral disc (X 3.5) of a man, aged si.xty years, suffering from osteoporosis. 
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C. BAELOONED DISCS ("fISH I-ERTEBRAE”) 

Ballooning of the intervertebral disc is found in 
osteoporosis. This is a disease of unknown origin, affect- 
ing the entire spinal column and often the pelvic bones. 

It usually is encountered among persons beyond middle 
life. It is most frequent among women following the 
climacteric. The clinical aspects of osteoporosis are 
adequately discussed by Black, Ghormley, and Camp. 

The bone of the vertebrae .is changed so that the tra- 
beculae of the substantia spongiosa are decreased in 
size and number, and replaced bj' bone marrow. This 
removes the struts that give strength to the bone, which 
in consequence becomes more easily collapsible than in 
its normal state. 

• To have ballooning of the disc, even when osteo- 
porosis is present, one must have a fairly normal disc, 
one that is expansile and elastic (Schmorl) . Otherwise 
anterior wedging and narrowing of the vertebrae may 
occm- and the disc may remain normal in thickness. In 
additionj there must be certain stresses placed on the 
disc to mold it into the characteristic lens shape. The increase of the size of the disc is 
most probabty due to an increase of water content and not to an actual increase of tissue. 

Why does the greatest indentation occur at the center of the vertebra? Schmqrl pro- 
posed two reasons: First, it is approximately here that the elastic gelatinous nucleus is 
most active (although it is actually placed slightty posteriorly) ; secondly, here the adja- 
cent vertebra is the weakest, because of the multiple small perforations located centrally 
in the bony plate. 

Ballooning of discs occurs chiefly in the lumbar and lower thoracic regions, for here 
the discs are larger and apparently have more expansile force than in other regions (Figs. 
2-A and 2-B) . The stress is directed vertically, and less in the curved direction which is 
seen higher in the thoracic region. In the thoracic portion of the spinal column, while bal- 
looning may occur to some extent, the chief deformity is usually a wedging of the verte- 
brae with the lower height anteriorly. Here, because of the kyphosis normally present, the 
anterior edges of the vertebrae take most of the force, and compression often occurs 
(Fig. 3) . 

■ Five patients in this study showed evidence of moderate to marked ballooning. One 
was forty-nine years old. The others were all in the sixties. Three were men and two 
were women (although osteoporosis is more common among women than among men). 
Microscopically, the following changes were observed. The vertebral bodies showed less- 
ening in number and width of the trabeculae. The discs were larger than normal, but less 
dense, for the same amount of tissue had an added amount of fluid to take up the space 
formed by the expansion of the disc. The nucleus showed very little evidence of degener- 
ation, and its tissue substances were separated by fluid. Manj^ small cavities and vacuoles 
were found. The annulus was stretched, and more spherical than usual. Donohue stated 
that rupture of the cartilaginous plate is frequent and prolapses without reaction are 
common. However, we found no more defects of the cartilaginous plate or microscopic 
protrusions of nuclear material in the ballooned discs than in other discs of a comparable 
age group. The cartilaginous plates did not seem to be thinned, though this was question- 
able in some specimens. Thus from our observations the discs were in as good a condition 
as those of comparable age gi'oups where ballooning did not occur, and, except for their 
increase in size, might fall within the norm for their age. This is due in turn to their in- 
creased fluid content, which causes a looser arrangement of the cellular elements in the disc. 

VOL. XK\U, NO. 3, JULT 104S 
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Fig. 2-B 

Roentgenogram of the intervertebral 
disc shown in Fig. 2-A. 
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Fig. 3 


Ballooned intervertebral disc from the thoracic portion of the spinal column of a woman, aged seventy- 
seven years, suffering from osteoporosis. (X 3.5.) 

D. thinned discs 

While it is recognized that thinning of the intervertebral disc is relative, the diagno- 
sis can be made rather definitely by roentgenographic examination or by examining a mi- 
croscopic section grossly. Both methods have been used in this study, and only when both 
show moderate to marked thinning have the discs been termed pathological. Nine of the 
eighty-eight specimens in this study showed thinning of the disc. Horwitz, examining the 
spinal columns of seventy-five cadavera grossly, found fifty that showed evidence of lum- 
bosacral narrowing. His subjects were aged forty-five to ninety years. There are three 
obvious reasons for the discrepancy in incidence of thinning: (1) In this study a double 
check was made, as indicated previously, in order that only definitely thinned discs 
should be used for microscopic examination; (2) many of our subjects were below the age 
of forty-five years, when thinning is less common than at greater ages; and (3) only mod- 
erate to mai’ked thinning of the lumbosacral disc has been considered in this' study. The 
majority of the thinned discs found in this study are in the fifty-year to seventy -year age 
groups, however, and none were found below the age of twentyrone years. 

What is the causation of the thinned disc? Microscopically, they may be classified 
into two groups. Group 1 is made up of those in which the annulus and the cartilaginous 
plate are intact, and in which there is no evidence of invading fibrous and granulation 
tissue. Three of the specimens fall within this group. There are desiccation and necrosis 
of the nucleus pulposus. Apparently the fluid content of the disc has been markedly di- 
minished ; and, as fluid normally comprises a high percentage of the total Amlume, there is 
loss of actual space-occupying material in the disc. The disc, therefore, becomes collapsed 
and smaller than normal The roentgenograms in this group show thinning, with very 
little marginal sclerosis of the end plate and very little hypertrophic spurring (Fig. 4, a 
and 6). 

Group 2 consists of thinned intervertebral discs in which the cause of the thinning is 
more evident than in Group 1. Either the annulus is ruptured, usually posteriorly, or tlie 
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Fig. 4 

Thinned intervertebral disc of a woman, aged twenty-nme years, a. Section (X^)- The loss of sub- 
stance in the lower antenor aspect is an artefact, b. Roentgenogram. 


cartilaginous plate contains many defects, or both. Six of nine cases fall in this group. 
The nuclear material flows out through these openings in the annulus or cartilaginous plate, 
with resulting loss of disc tissue and consequent thinning. This is a purely mechanical 
phenomenon. In addition, blood vessels and fibroblasts invade the disc through the open- 
ings in the annulus or cartilaginous plate, and this may “open avenues for dehydration 
of the disc” as Compere and Keyes have emphasized. In time these invading cells may 
completely replace the normal cells of the disc. Figure 5, a and b is an example of the 
second type of thinned disc. The roentgenograms in this second group invariably show 
some marginal sclerosis, and fairly frequently they show osteophytic reaction. 

Dehydration is the essential cause, then, of the thinning of the disc. "Why this occurs 
in Group 1 is not entirely clear. We have shown that in Group 2 it is due to the invasion 
of the disc material by blood vessels and fibrous tissue, opening avenues of dehydration. 
These invade the disc through defects in the annulus and in the cartilaginous plate. The 
cause of these defects has been discussed elsewhere. It should be emphasized here that 
Pease has shown how the penetration of the posterior portion of the annulus with the lum- 
bar puncture needle can result in thinning of the disc. Gellman has glso reported a case 
of injury to the disc in this same manner. Thinning of the disc by infection is another 
problem and will be discussed later. 

To complete this picture of the thinning of the disc, the end result should be dis- 
cussed. One of the specimens in this study (Fig. 6, a and b) showed complete obliteration 
of the disc, with resulting bony ankylosis. This was probably not the usual picture, for 
most lumbosacral discs, though they may be almost completelj’’ destroyed, are usually not 
invaded by bone, and ankylosis of the fifth lumbar to the first sacral segment is uncom- 
mon. The almost complete destruction of the disc, with bony ankylosis, is more likely to 
be the result of spondylitis deformans or of infection. The specimen shows bony continu- 
ity between the adjacent vertebrae, vith islands of disc tissue remaining here and there. 
Very little of the annulus fibrosus remains, but there are intact regions of cartilaginous 
plate and occasional nests of nuclear material. The roentgenogram confirms the bon}' an- 
kj'losis between vertebrae. Schmorl emphasized that once ankylosis has occurred, its cause 
cannot be determined microscopically or roentgenogi'aphically. 
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E. INTEASPONGY NUCLEAE HEENIATIONS (“SCHMOEL BODIES”) 

A Schmorl body may be defined as the herniation of disc substance through the car- 
tilaginous plate into the body of .the adjacent vertebra. Known also as Schmorl node or 
nodule, disc prolapse, cartilage node, ordntraspongy nuclear hernia (Calve and Galland), 
this phenomenon was first described -by von Luschka in 1858, and “rediscovered” by 
Schmorl in 1927. The herniation occurs through a defect in the cartilaginous plate, and 
extends a varying distance unto the., cancellous bone of the adjacent vertebra. In youth 
the defect in the cartilaginous plate is probably partly developmental. Herniations occur 
in a row, opposite the region of greatest nuclear expansion. They are usually quite uniform 
in size and shape. In older spinal columns they tend to be single, to pass through larger 
defects in the cartilaginous plate, and to 'be highly irregular in size and shape. A reactive 
change occurs in the bone around the herniation, usually in the form of bony sclerosis. The 
prolapse itself tends to change over' to cartilage, especially at the periphery, and even 
tends to ossify in time. This is thought to be nature’s -way of attempting to solidify the 
herniation, and plug the hole through which the disc escapes. Granulation tissue often 
grows from the marrow into the disc by way of the herniation. This vascularization and 
cicatrization can be seen grossly as dark reddish infiltration of the nucleus piilposus. For 
further details as to anatomy of the Schmorl body, one may read excellent descriptions 
by Schmorl, Beadle, Calve and Galland, Sashin, Donohue, and others. 

These herniations occur in the spinal columns of young persons rather rapidly after 
trauma because of the turgor present in the disc. But in the spinal columns of older per- 
sons, with loss of fluid in the nucleus, the herniation probably occurs gradually, and is due 
to the actual force of the cephalad vertebra on the caudad vertebra, with the disc inter- 
posed, so that a “squeezing out” process occurs. Schmorl bodies have been produced ex- 
perimentally among dogs by producing defects in the cartilaginous plate.® 
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Obliteration of inten'ertebral disc of a woman, aged sixt3’--five 3'ears, and consequent bon3' ank5dosis. 
a. Section (X 4 ). b. Roentgenogram. 

The herniation must be more clearl}’- defined, in order that the facts of this study may 
be presented. Beadle stated that herniations just visible to the naked ej'e are the smallest 
that should be included. However, he also stated that prolapses may be just through the 
cartilaginous plate, and these are usually not visible to the naked eye. Our studj”" includes 
all prolapses that can be seen gi-ossly or microscopically. A tear, through which there 
streams out nuclear material which stops at the bone of the vertebra, is included here as a 
herniation. 






Inten-ertebral disc of a woman, aged sixt3--eight 3’ears. a. Section (X 9 )‘ -d. Bon3- nm. B: Anterior 
portion of annulus fibrosus. C : Anterior longitudinal ligament. D : Protruded nuclear material, b. Roent- 
genogram. D: Protruded nuclear material. 
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TABLE II 

Incidence of Microscopic Intraspongy Herniations 


Decade 

Specimens 

Herniations 

Herniations 
(Per cenL.) 

1 

5 

0 

0 

2 

6 

1 

17 

3 

8 

2 

25 

4 

9 

5 • 

55 

5 

11 

8 

73 

6 

22 

18 

82 

7 

16 

14 

87 

8 

11 

8 

73 


88 

56 

63.63 


Schmorl found that herniations occurred in 38 per cent, of all spinal columns ex- 
amined by him. Batts in a postmortem study of gross specimens found 20 per cent, of 
spinal columns showing herniations visible to the naked eye. The present study concerns 
itself only with the lumbosacral region, and only with microscopic and roentgenographic 
studies. In eighty-eight specimens, only two showed herniations large enough to be seen 
in a roentgenogram (Figs. 1,6 and 7,6). Three additional sections showed herniations large 
enough to be seen grossly, if the slide was held up to the light. However, by far the ma- 
jority of sections examined showed multiple microscopic herniations, most of them pass- 
ing through the cartilaginous plate and ending just after penetrating the bone. Table II 
shows the incidence of these microscopic herniations. 

This is evidence that the protective forces at play are great, and that only a relatively 
few herniations actually pass very far into the adjacent vertebral bodies. These defects 
of the cartilaginous plate with microscopic herniations probably are not very serious in 
themselves. They are so frequent,- especially in the later age groups, as to be almost 
normal. - , • 

Tw'o xequirements are necessary for an intraspongy nuclear herniation to be visible 
on a roentgenogram: (1) The herniation must be large enough to be seen with the naked 
eye;- and (2) there must be enough sclerosis around the margin of the herniation to cast 
a shadow of increased density to the roentgen rays. 

One of the sections in this study had a nuclear herniation into an adjacent vertebra 
which- had been invaded by metastatic carcinoma (Figs. 8-A and 8-B} . The herniation 
is almost spherical and comes through a very small defect in the cartilaginous plate. The 
herniation contains chiefly degenerated .nuclear material. There is very little prolifera- 
tion of cartilage cells, ‘or other reaction. The bone of the vertebra is almost completely 
gone and has been replaced by loose, oederaatous granulation tissue. Next to this tissue is 
the metastatic carcinoma (prostate) . This is an excellent example of what happens when 
the cartilaginous plate breaks, and there is no force on the opposite side to prevent herni- 
ation of the nucleus. Not only does the nuclear material extrude into the destroyed verte- 
bral -tissue, but the normal reactive processes of the body are lost and a walling-off proc- 
ess cannot take place. 

Though this is not in any way a clinical study, we should like to summarize the opin- 
ions regarding the clinical significance of Schmorl bodies. Schmorl believed that they 
were not the cause of clinical symptoms, though he had very few clinical data to work 
with. Donohue stated that the majority did not evoke clinical symptoms. Geist, on the 
other hand, expressed the opinion that they do cause clinical symptoms. The probable 
answer is that the herniation itself is not particularly painful, but that the symptoms are 
caused by the result of the herniation, as has been suggested by Schanz. If much of the 
disc tissue escapes, and the disc becomes degenerated and thinned, added strain is placed 
on the ligaments about the disc. Also, the axis of motion may be displaced posteriorly, as 
suggested by Keyes and Compere, placing the strain on the articular facets. 
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Fig 8-A 

Schmorl bodj’ m a ^ ertebra of a man, aged se\ enty-fi% e years, suffering from metastatic carcinoma 
A Break m cartilaginous plate B Protruded nuclear matenal (Schmorl bodj ) C Metastatic carci- 
noma (X 35 ) 


F. ANTERIOR NUCLEAR PROTRUSIONS 

The rarest of all nuclear protrusions (6 per 
cent of fift}"- spinal columns examined by Batts) , 
and probably least important from a clinical 
standpoint, is the anterior protrusion of the inter- 
vertebral disc Several of our specimens showed 
an anterior bulging of the whole disc substance, 
but this can hardly be classifiable as protrusion 
or prolapse of the disc One specimen, from a 
woman, sixty-eight years old, shows verj^ clearly 
an actual anterior protrusion of nuclear material 
from the lumbosacral intervertebral disc fFig 7, a 
and b). The protruded substance streams over 
the anterior edge of the first sacral segment and 
dissects along the border between the ligament 
and the bone for one centimeter or so There is 
an associated break in the anterior longitudinal 
ligament, but this may be an artefact The pro- 
trusion consists chiefly of desiccated nuclear ma- 
.terial, with much reaction in the form of new 
cartilage nests along the border There is an at- 
tempt at penetration into the marrow spaces, 
vhich is almost an erosion; and there is evidence of invasion of granulation tissue into the 
prolapsed material 

The disc itself is severely degenerated, nith verj- few normal cells remaining. There 
IS a large horizontal cavity. No actual thinning is observed. The roentgenogram is inter- 
esting, — the anterior bulge of the annulus can be seen, beneath which is the actual rup- 
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Fig S-B 

Roentgenogram of the i ertebra shown in 
Fig 8-A The arrows indicate the affected 
1 ertebra 
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tujred nuclear material; it appears to have eroded into the anterior superior margin of the 
vertebral body. 

G. POSTERIOR NUCEBAR PROTRUSIONS 

Posterior protrusion of the intervertebral disc is an entity which was recognized as 
early as 1858, when von Luschka first discovered it. Goldthwait, in 1911, described in de- 
tail a case of posterior protrusion of a disc. Schm'orl, in 1929, rediscovered posterior pro- 
trusions. Bradford and Spurling, in their monograph on intervertebral discs, gave credit 
to Mixter and Barr for presenting the first adequate description of the full clinical picture 
of protruded discs. 

This study does not deal with gross specimens, as seen at necropsy. However, by mi- 
croscopic study several discs were observed 1140011 clearly indicated that there had been 
rupture of the posterior portion of the annulus fibrosus with herniation of disc tissue into 
the spinal canal. 

Trauma is thought to be the cause of posterior protrusion, with degeneration of the 
annulus as a predisposing factor. Beadle stated that posterior protrusion of the disc is 
never encountered ' when the patient is less than thirty years of age, and that it rarely 
causes symptoms. Both these statements have been proved incorrect in the light of pres- 
ent experience. lii many cases in which acute posterior protrusion of a disc is encountered 
clinically, the patient is less than thirty years of age. The incidence of posterior protru- 
sion has been put by Beadle at 15.2 per cent, of all spinal columns examined at necropsy. 
Batts found 16 per cent, of posterior rupture in an examination of fifty spinal columns. 
Horwitz, examining seventy-five cadavera, found that fifty showed posterior bulging, but 
that only four had evidence of posterolateral protrusion. Love and Walsh have found that 
96 per cent, of protrusions occur in the lumbar region. 

Seven of eighty-eight specimens (8 per cent.) examined microscopically in this study 
showed definite evidence of posterior protrusion, — that is, a rupture of the posterior por- 
tion of the annulus fibrosus with a loss of nuclear substance. It should be remembered 
that all ages are represented in this study, and that only lumbosacral discs were exam- 
ined. The actual percentage of protrusion is undoubtedly higher, for the sections in this 
study were roughly midsagittal, and it is probable that many lateral protrusions were 
missed. 

Figure 5,a shows a posterior protrusion in a thinned disc. Either the annulus fibro- 
sus ruptures completely, or most of the fibers rupture, leaving intact only the outermost 
bands. These bands are seen to bulge markedly into the spinal canal. Through the open- 
ing so created are pushed the nucleus pulposus and fragments of the remaining annulus. 
This material shows dehydration and necrosis. In addition, hyperplasia of the cartilage 
cells occurs, so that the older protrusions are actually made up chiefly of cartilage. Brad- 
ford and Spurling stated that invasion of the disc by fibrous tissue and blood vessels is 
rare. Three of the seven cases in the present study showed invasion by blood vessels and 
fibrous tissue through the torn annulus into the disc substance. Calcification and ossifica- 
tion of the protruded material may occur. There was evidence of bone formation in one of 
the specimens. Deucher and Love, studying protrusions removed at operation, found much 
evidence of degeneration. Thirty-two per cent, of their specimens showed advanced de- 
generative change, most of it in the si.xth decade. 

Accompanying posterior protrusion of a disc is an actual loss of disc substance, and 
thinning occurs in many cases. Love and Camp, in a seines of cases in which laminectomy 
was performed, found only a small percentage to have narrowing of the disc at the same 
disc level as the posterior protrusion. There was often narrowing at some other site than 
that of the protrusion. In two of the cases in the present study there was gross evidence 
nf thinning. Between the two cartilaginous plates there was a cavity, created by the loss 
f 1 nr material U'Jually some nuclear material remains in the disc, and in most cases, 
S f"o™d on microscopic examination to be necrotic and pigmented. 
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Fio 9 

Calcified nucleus pulposus of a woman, aged seventy-one years, a Section (X 4) The calcium salts 
have been dissolved dunng preparation of the section, leanng space h. Roentgenogram 


H. CALCIFIED NUCLEUS PULPOSUS 

Deposition of calcium in the intervertebral disc takes several forms. Among older 
people there are large deposits beneath the cartilaginous plate; small nodes of calcium 
may be deposited in the plate itself or in the annulus; the nucleus itself may become com- 
pletely calcified; or the entire disc may undergo calcification. 

Calcification of the nucleus is recognized as a definite entity, not to be confused with 
other types of calcification. Calve and Galland described it in 1922. The entire nucleus 
is converted into a mass of calcium salt. iMicroscopically the calcium is not seen, having 
been dissolved during preparation of the slide. In its place are strands of an amorphous 
residue. 

One case of calcified nucleus pulposus was found in this study (Fig. 9) . It showed the 
rest of the disc to be relatively intact for the age of seventy-one j'^ears, and there was no 
evidence of thinning. The roentgenogram revealed homogeneous, oval masses, congi-egated 
m the region of the nucleus; several of these masses were grouped together to form a cast 
of the nucleus pulposus. 

Clinically, cases of calcification of the nucleus are important from onlj^ a differential 
vievr'point. Calve and Galland stated that it is sometimes confused with Pott’s disease. 
In Beadle’s opinion, it may be mistaken for gouty deposits of uric acid. 

I. INVASION BY INFECTION 

The intervertebral disc is sometimes involved in infection. This is probably always a 
secondary involvement, the spread of infection coming either from the adjacent vertebrae 
through breaks in the cartilaginous plate, or down the longitudinal ligaments, or via the 
bloodstream. It has usually been thought that tuberculosis enters the disc from the ad- 
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jacent vertebrae. Cohn has recently shown that involvement of the disc commences early, 
usually by spread of the infection by way of the longitudinal ligaments. The annulus and 
nucleus pulposus are destroyed early. It seems probable that certain blood-borne infec- 
tions may settle in the intervertebral discs, involving them before attacking the adjacent 
vertebrae. Brucellosis falls within this group. There arc other types of infection involving 
the discs, in which the etiological agent cannot be identified, as pointed out by Ghormley, 
Bickel, and Dickson; and, as in brucellosis, thinning of the disc is an early sign of such in- 
fection. Reactive changes such as erosion and sclerosis adjacent to the disc sometimes occur. 

Cases of infection involving the lumbar disc were not found in the routine examination ’ 
during this study, but one of a man, aged sixty-five years, has been included in this report 
(Fig. 10). Necropsy showed vertebral osteomyelitis (staphylococcus aureus), secondary 
to extension down the psoas muscle from a subdiaphragmatic abscess. The microscopic 
section showed only about a fourth of the cartilaginous plate, the rest having been de- 
stroyed. There were no remains of annulUs or nucleus, the space formerly occupied by 
them having been filled with exudate. The marrow spaces were invaded by polymor- 
phonuclear leukocytes, plasma cells, and lympho- 
cytes. The infection of the disc in this instance 
was clearly secondary to infection either in the 
bone or down the longitudinal ligaments. 

J. INVASION BY A MALIGNANT LESION 

According to Beadle, the intervertebral discs 
are very resistant to invasion by malignant lesions, 
even more than to infection. Various types of ma- 
lignant lesions, sarcoma and carcinoma, primary 
and secondary, have been seen to involve almost 
all of the adjacent vertebrae, and still not to in- 
vade the disc. This is due to the resistive power 
of the cartilaginous plate. 

Our study included only one case of malig- 
nant lesion, — a metastatic lesion in a vertebra 
from a carcinoma of the prostate (Figs. 8-A and 
8-B). The body of the vertebra was rather com- 
jtiq. 10 pletely infiltrated with malignant cells. There was 

Vertebral osteomyelitis, involving an in- a mild collapse of the body, as is seen in osteo- 
tervertebral disc of a man, aged sixty-five pQj-Qgjg^ disc was touched in several places by 

invading carcinoma, but the cartilaginous plate 
was intact. On the other end of the vertebra, the opposite disc had protruded through a 
very small defect in the cartilaginous plate, and formed a large Schmorl body, extending 
halftvay into the body of the vertebra. Beadle stated that most prolapses of this type are 
of the wide, oval variety, with much cartilage destroyed. This was not the case in our speci- 
men as the prolapse had a narrow neck and a round, smooth body. The' prolapse con- 
tained chiefly nuclear material, severely degenerated. There was little attempt at prolif- 
eration of cartilage. Around the prolapse, between the metastatic carcinoma and the pro- 
lanse w'as a clear zone of oedeinatous granulation tissue. No attempt of the carcinoma to 
invade this prolapse was noted, nor ivas any attempt at invasion of the discs by the car- 



cinoma^seen^^^^^^g^^^^^^ic characteristic of metastatic malignant lesions 

f the osteoblastic type. The metastatic lesions appeared more calcified than the adjacent 
hnne and thus more resistant to roentgen rays. Interestingly, the Schrnorl body cannot 
be clearly seen in the roentgenogram, because of lack of reaction in the form of bone 

sclerosis surrounding it, 
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SUMMARY 

The pathological changes studied in this series include hypertrophic arthritis, nuclear 
expansions, ballooned discs, thinned discs, nuclear herniations into the vertebrae (Schmorl 
bodies) ,■ anterior and posterior nuclear protrusions, calcification of the nucleus pulposus, 
infections of the disc, and invasion by malignant tumors. 

Nuclear expansions are for the most part physiological, and not pathological; whereas 
ballooned discs are found almost entirely in the disease entity known as senile osteoporosis 
of the spinal column. 

There are two types of thinned discs: one in which the cartilaginous plate and annulus 
are intact, the thinning being due to desiccation and necrosis of the nucleus pulposus, and 
the other type in which the annulus is ruptured, or the cartilaginous plate contains many 
defects. Dehydration is essentially the cause of thinning in both types. 

Intraspongy nuclear herniations or Schmorl bodies are for the most part asymptomatic. 
Anterior nuclear protrusions are rare and of little clinical interest, whereas posterior 
nuclear protrusions are of great clinical importance. Eight per cent, of the specimens 
showed evidence of posterior nuclear protrusions. 

Calcification of the nucleus pulposus is a definite entity. However, it is of no clinical 
significance. 

Infection of the disc, resulting in early destruction of the annulus and nucleus, is rec- 
ognized. The infection is usually blood-borne, and it may be primary or secondary to 
involvement of the vertebral body. The only example in this group was of infection of 
the disc, secondary to involvement of the vertebra. 

Invasion of the disc space by a malignant lesion is rarely found. Only one example 
was observed in this series, and in this case no real invasion of the cartilage was seen. 
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THE INTERVERTEBRAL FORAAIINOTOMVT FOR RELIEF OF SCIATIC PAIN 

BY HEXRY BRIGGS, M.D., AND JACOB KRAUSE, M.D., EAST ORANGE, NEIV JERSEY 
From the New Jersey Orthopaedic Hospital and Dispensary, Orange 

Low-back pain with sciatic radiation has long been a problem to the orthopaedic 
surgeon. Pain in part of the sciatic-nerve distribution is frequently caused by some im- 
pinging mass squeezing or stretching one or more nerve roots. Herniation of the nucleus 
pulposus explains a large number of these cases. Our intention is: ( 1 ) to contribute to- 
ward the understanding of another large group, — those cases where there is impingement 
upon the nerve root within the intervertebral foramen; ( 2 ) to show what the various causes 
for such impingement may be; and ( 3 ) to outline the operative decompression. 

The indications for simple laminectomy to relieve pain due to nerve-root pressure 
are generall}’^ known and accepted. However, during our surgical explorations seeking the 
oppressing medium, we encountered instances when there had been no h3’-pertroph3’- of the 
ligamentum fia-\mm, no concealed disc, and no herniation of the disc. In fact, no impinging 
mass could be found even after thorough visualization and palpation of the vertebral canal 
had been made. We were not alone in failing to find the lesion upon performing simple 
laminectom3\ H3mdman, Steindler, and Wolkin reported that a small percentage of their 
patients, who presented definite symptoms and signs of root compression, including a nega- 
tive Achilles tendon reflex, showed no herniated disc, concealed or otherwise. 

About four 3'^ears ago it occurred to the senior author (H.B.) that a complete explora- 
tion of the nerve root was not actuall3’' performed until that portion passing through the 
intervertebral foramen had been examined. Since that time we have emplo3’’ed a surgical 
procedure, which we have designated “intervertebral foraminotom3'”. 

Our decision to make this exploration finds substantiation in the work of other in- 
vestigators, among whom ma3’' be mentioned Nachlas, Oppenheimer, Hanflig, Breck and 
Basom, Horwitz and Smith, Bromer, Larmon, and Magnuson. The intervertebral fo- 
ramen is a bone-lined duct the dimensions of which are only slightly altered under normal 
conditions. Any encroachment upon this space, be3mnd the ph3’^siological, will result in 
pressure upon the soft tissues contained within it. We wish to stress that examination of 
the vertebral canal b3’^ simple laminectom3'^ is frequentl3’^ not sufiBcient when one is look- 
ing for a cause of pressure upon a nerve root. 

It is our common practice, when exploring the vertebral canal, to examine the ostium 
of the intervertebral foramen. When necessar3q we have removed that portion of the 
articular process which overhung and obscured our visualization of the ostium. In man3’’ 
instances, that manoeuvre has uncovered small protrusions of the intervertebral disc. 
However, we do not consider that procedure to be an intervertebral foraminotom3^ The 
entire foramen can be explored onty b3'' removing all or a large part of both articular 
processes. 

The surgical technique empIo3"ed is largety that reported b3’ Williams and A'glesias, 
Ghormle3q ^ud Mitchell as facetectom3'. We have emplo3’ed the phrase “intervertebral 
foraminotomy” because it describes more aptl3'^ the surger3' performed. A closed canal is 
actuall3’’ converted into an open trough. The exposure of the vertebral column is carried 
out to be3'ond the articular processes; bleeding is controlled b3’ pressure and electro- 
cauter3'^ if necessaiy. The ligamentum fla'vum on the affected side is then removed in its 
entiret3\ If there is insufficient interlaminar space in which to perform good exploration, 
adjacent portions of the laminae are removed to increase the space. In order to open the 
intervertebral foramen, the facets with their articular processes are removed. Both ron- 
geur and osteotome are emplo3'ed for this removal of bone, which must be done slowh' 
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and carefully, only small pieces being removed with each bite, AYhen the osteotome is 
employed, the bone involved is always backed up by a suitably sized curette in the hands 
of the assistant. In that way, bone fragments are not pushed into adjacent soft tissue. 
The field is kept clear of bone bleeding by suction. Sufficient bone, ligamentum flavum, 
and capsule are removed to visualize the nerve root along its entire course until it passes 
into soft tissue. The lesion is removed ; operation is completed by placing a small piece of 
muscle tissue over the exposed nerve root, and fusion is performed, employing the chip 
fusion described by Briggs and Milligan. The patient is returned to bed, and the postop- 
erative course is that followed routinely for a simple spine fusion. 

The senior author has been the responsible surgeon in thirty-five operations where 
intervertebral foraminotomy has been a part of the surgical procedure. In this group the 
following lesions were found; (1) diminution of foraminal space, secondary to diminution 
of the intervertebral disc space ; (2) hypertrophic lipping of the posterior periphery of the 
vertebral bodies (this hypertrophy was often cartilaginous, and did not show on roent- 
genograms) ; (3) herniation of the intervertebral disc into the intervertebral foraminal 
space; (4) nuclear material impacted within the foramen, which seemed to have migrated 
from some distant point of herniation. 

In the first condition, diminution of the foraminal space, secondary to diminution of 
the intervertebral disc space, our series includes twent 3 '^-two cases. In these, simple un- 
roofing of the intervertebral foramen has been found to be sufficient; the nerve root lies 
in a space of greater dimensions. Adequate space has been provided by the removal of 
the articular processes, and in some cases a portion of the pedicle, so that a trough was 
formed. Occasionally the nerve root wms bound down by adhesions. These were gently 
released, and the nerve root was seen to lie free before the operation was completed. 

One such case is of a man aged forty-eight. Seven years earlier lie had undergone surgery at this 
Hospital for removal of a ruptured intervertebral disc. At that operation the herniation was found and 
removed; lumbosacral fusion, employing a tibial graft, completed the operation. The patient remained 
free from sjTOptoms for seven years. Six weeks prior to his latest admission to the Hospital, there was 
sudden return of the original unilateral sciatic pain. This pain became increasingly severe. Neither 
manipulation, bed rest, nor brace immobilization gave any relief. Onl}' large doses of narcotics were of 
anj"^ avail. Roentgenogram showed a complete collapse of the fifth lumbar disc space, as compared to a 
reported diminution of disc space seven years earlier. At operation we found that the graft had joined 
the involved vertebrae only by fibrous union. The bodies of the fifth lumbar and first sacral vertebrae 
were contiguous. The left fifth lumbar nerve root was oedematous, hyperaemic, and immobile. Inter- 
vertebral foraminotom}’- was performed, and adhesions binding the nerve root were broken. Within 
eight hours after the operation, there was considerable diminution of sciatic pain, and after forty-eight 
hours all narcotics were discontinued. A sense of weakness of the involved limb is present three months 
after the operation, but the patient has returned to work. 


In those cases, seven in number, where liypertrophic lipping of the posterior periph- 
erj'- of the bodies existed, a second step was added to the unroofing procedure. We have 
gently lifted the nerve root free of its bed, and removed the hypertrophic portion plus a 
part of the parent body, with a small osteotome or curette. In our experience, this manip- 
ulation has not inflicted trauma to the nerve root leaving more than transitory symptoms. 

The five cases which displayed frank herniation of the intervertebral disc within the 
confines of the intervertebral foramen were treated in the routine manner for such protru- 
sions The herniation was incised, and nuclear material was removed with curette and 
forceps. One such case displayed an interesting herniation which we should not have found 
without an intervertebral foraminotomy. The bulge in the annulus fibrosus was found to 
lie at the very periphery of the foramen as a posterolateral herniation. The bulging mass 
forced the nerve root to ride cephalad, squeezing it between the herniation and the pedicle 

Tree nuclear material impacted withm the intervertebral foramen was found m one 
2 . Subsequent diligent search revealed the original rent in the annulus fibrosus. The 


case. 
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point of rupture was just lateral to the posterior mid-line, about one inch distant from the 
loose nuclear fragment. Again we believe that’ this impinging mass could not have been 
recovered safely other than by foraminotora}L The patient immediately after surgery 
showed dramatic relief from intense sciatic pain. Prior to surgery, he had undergone all 
forms of conservative therapy, which gave relief onlj'^ when accompanied by narcotics. 
Buck’s bilateral traction gave relief only while traction was being exerted. 

A small group of our cases, eight in number, had the intervertebral foraminotomy 
performed bilaterally. These patients complained of bilateral sciatic pain. They displayed 
a marked collapse of the intervertebral disc space, with simultaneous diminution of the 
foraminal space on both sides. Of this group, one patient had previously been subjected to 
mid-line laminectomies, in two separate operations, of the fourth and fifth lumbar verte- 
brae. Bilateral intervertebral foraminotomies at the lumbosacral junction gave immediate 
relief from sciatic pain, with persistent relief since operation. The patient’s only com- 
plaint at present is-that “pressure over the hole (laminectomy) in the spine is somewhat 
painful”. 

Our series of cases included intervertebral foraminotomies of the fourth as well as of 
the fifth foramen. When surgery involved the fourth space, fusion was performed to bridge 
only the fourth and fifth lumbar vertebrae. In this series, there is also one foraminotomy 
performed at the left side of the second lumbar intervertebral foramen. 

This patient complained of pain radiating across the left mid-back and around to the abdomen. He 
had received a compression fracture of the body of the second lumbar vertebra, several j-ears earlier. 
The radiating pain was of comparatir ely recent onset. Mid-line laminectomy with section of the sensory 
fibers of the second lumbar nerve root had failed to give relief for more than several months. We 
performed an inten'ertebral foraminotomy at the second lumbar space, exposed the nerve root, and 
permitted it to lie free. The patient has shown a decreasing degree of pain since that time, and is now 
sj’mptom free. 

The patients of this series have been seen regularly at intervals of six weeks to three 
months. The postoperative span for the individuals ranges from three months to four 
years. Relief from sciatic pain has been complete in all but three cases. One of this group 
insisted almost immediately after the operation that she had not been relieved. Undoubt- 
edly the sciatica in this individual was not due to pressure upon the nerve root, with which 
we had been dealing. The other two are similarly unsolved problems. 

It may be said that spine fusion, weeks of bed rest, use of a brace, or perhaps factors 
other than an intervertebral foraminotomy, gave the relief from pain. We do not feel that 
any of these factors are significant; for definite impinging masses were found in those 
cases in which foraminotomy was performed. Of our patients, 25 per cent, had been previ- 
ously subjected to spine fusion with or without removal of a herniated disc. All of them 
had been subjected to long intervals of bed rest, use of a brace, and other conservative 
measures. All of those patients in whom good results were obtained, volunteered the in- 
formation that the referred pain was relieved, or considerably reduced, immediately after 
operation. 

We do not feel that the intervertebral foraminotomy has increased the operative risk 
or degree of complications, as compared to simple spine fusion with simple laminectomv. 
In our earlier experiences some cases showed slight residual muscle weakness or infre- 
quent flashing pain in sciatic areas, for several days following operation. However, as our 
technique improved, we found that these exndences of nerve-root traumatization de- 
creased in number. Our main regret is that the follow-up period is relatively short for 
many of the cases ; we are waiting impatiently for the passage of the two-year, five-year, 
and ten-j'ear periods. 

Within our experience, we have formulated three indications for an interv’ertebral 
foraminotomy. They are as follows: (1) when simple laminectomy, with complete e.xplo- 
ration of the accessible nerve root within the neural canal, has failed to reveal an imping- 
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ing mass; (2) complete or considerable collapse of the intervertebral disc space, with or 
without hypertrophic lipping as seen on the roentgenogram; (3) previous spine surgery, 
with or without fusion, which has failed to relieve the sciatic pain. 
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CHRONIC MELIOIDOSIS 

A Case Showing jMultiple Lesions of Bones, Joints, and Lungs 

BY MAJOR J. H. MAY'ER 
Royal Army Medical Corps 

From an Imperial Military Hospital in South Africa 

Melioidosis is an infective disease occurring in Burma, Ceylon, French Indo-China, 
the Dutch East Indies, Malaya, and Siam. Several hundred cases have been recorded 
since the original description of the disease by Whitmore and Krishnaswami in 1912. In 
the vast majority, the disease has been acute, with symptoms simulating cholera or en- 
teric fever, and has proved fatal from septicaemia within a few days or weeks.^’’^-®-^® At 
autopsy, the commonest findings recorded in such cases have been areas of consolidation 
and small abscesses in the lungs, and abscesses or areas of caseation in the spleen, liver, 
and kidneys. hlanson-Bahr records cases in which recovery from the primary attack was 
followed by a fatal septicaemia, and in which pulmonary lesions resembling tuberculosis 
were found at autopsy. 

The chronic form of this disease is far less common. Five cases have been found in the 
literature, only two of them in Europeans. However, with the employment of large Al- 
lied forces in Far Eastern areas, wdiere the infection is endemic, early recognition of its 
symptoms is of vital importance. 

IMelioidosis is recognized as a disease of rodents and man; it is generally assumed 
that infection in man is acquired from infected rodents, possibly by contaminated food 
or w'ater supplies. The causative organism w'as named bacillus wdiitmori by Stanton and 
Fletcher in 1921, but w'as assigned to the pfeifferella group of bacteria by Top ley and Wil- 
son, and is now known as pfeifferella wdiitmori or malleomyces pseudomallei. 

The following summary of five chronic cases is included in spite of previous appear- 
ance in the literature, because it is felt that some readers of The Journal may not have 
access to the original reports. 

Case 1. An acute illness at onset in a native adult vas followed by discharging sinuses, in both feet, 
which led to neciotic bone Two years after the onset, the sinuses were still discharging, but the causa- 
tive organism could no longer be isolated, and the general health of the patient was good 

Case 2 An acute illness at onset in a native adult was follow ed by a discharging sinus over one lat- 
eral malleolus, from which pfeifferella whitmoii was lecoveied repeatedly Complete recoverj' ensued 
fi' e months after the onset “ 

Case 3. The patient was a native adult An acute illness was followed bj^ chronic involvement of 
the genito-unnarj' tract, and terminated in complete recorerj'" 

Case 4 A natne infant had had no acute illness, but abscesses developed insidiously over one 
metacarpal and one parietal bone, with roentgenographic evidence of osteitis of the metacarpal. Com- 
plete retoi erj’ ensued after six months ” 

Case 5. In a Biitish soldier serving in Malaya, the historj' of onset was confused by a concurrent 
gonococcal infection which mav ha\ e accounted for =omc of the earliest joint manifestation" Dc'tnir- 
tive bone lesions occuried in the bodies of the fourth and eighth thoracic \ertebrae, a""Otiatcd with a 
paravertebral abscc"", and there was also osteitis of one frontal bone and of one fibular malleolu", with 
abscess formation The disease had not healed when the ca"e was recorded two to throe year" after 
onset.’ 

Four of these five patients had one or more bone lesions, and three had had an acute 
illness at the onset. In each case, the diagnosis was made by identification of the causative 
organism. 

The following is a further report of a case already presented by the author.® It is ap- 
parently the second to be recorded in a European, which fact would give rise to the theorj" 
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that Europeans have a greater natural resistance to the organism than natives. Although 
the first case was of considerable duration, that to be described presents by far the long- 
est illness yet reported in this disease; the multiplicity of lesions also appears unique. Its 
importance lies, however, not so much in its rarity, but in its singular resemblance to tu- 
berculosis. Since this case was incorrectly diagnosed for nearly three years, despite re- 
peated bacteriological investigations, it seems highly jirobable that similar cases have re- 
mained — and may remain — unrecognized. 

CASE REPORT 

In July 1940, the patient, tliirty-tliree .years of age, a regular soldier in the British Army, was ad- 
mitted to a hospital in Singapore, with a complaint of pain in the lumbosacral region, radiating down 
the thighs, especiallj'' the right. His sj'mptoms had begun insidiously one month before admission. 
There was no histoiy of tuberculosis or similar chronic disease in his family or contacts. Positive find- 
ings in the past history included empyema on the loft side in early childhood, without sequelae, and an 
appendectomy at fifteen jmars of age. He had served in India from 1931 to 1937, during which period he 
had had attacks of d 3 'senterv, malaria, and tonsillitis.- He had been in Singapore since 1938. In Febni- 
aiy 1940, he had had urticaria and swelling of finger and toe joints, which had disappeared after two 
months, following tonsillectomy and the administration of an autogenous vaccine. 

E.xamination on admission showed no abnormal plysical signs, e.xcept stiffness of the lumbar spine 
and enlarged rubbery inguinal fimiph nodes, which on biops}”^ were negative. Roentgenograms of tlie 
lumbar spine and sacro-iliac joints showed no abnorma!itJ^ The patient had an irregular pyrexia and 
heavy night sweats. 

In August, fle.xor spasm of the right hip and slight wasting of the right buttock were noticed. At 
this time, the laboratory findings were: 

Red blood cells, — 5,800,000; 

Hemoglobin, — 66 per cent.; 

White blood cells, — 12,000; 

PofiTOorphonuclear neutrophils, — 72 per cent.; 

Lymphocjdes, — 24 per cent.; 

Large monocytes, — 1 per cent.; ’ 

Eosinophils, — 3 per cent. ; 

Repeated blood cultures, — negative; 

Wassermann reaction, — negative ; 

Widal reaction, — positive onlj'^ in very low titre; 

Stools, — negative for ova, cysts, and occult blood; 

Urine, — negati^'e e.xcept for a few leukocj'^tes. 

During the next few months, the patient’s general condition deteriorated. His fever subsided tem- 
porarilj’^ with the administration of sulfap 3 'ridine. In October, his sedimentation rate was sixty milli- 
meters per hour, but fell to twenty millimeters (method not stated) during the following month. A ten- 
tative diagnosis of ank 3 ’'losing spondylitis w'as made. 

In Januar 3 '^ 1941, a lumbosacral abscess developed, culture of wdiich w'as negative. During the fol- 
lowing month, an abscess developed in the right sacro-iliac region, from winch vibrio alkaligenes was 
cultured. Injected guinea pigs died of a virulent septicaemia, and w'ere reported negative for tubercu- 
losis. The patient w'as kept recumbent, and showed slight improvement in his general condition. 

The patient w'as transferred to a hospital in India where, in June, roentgenograms revealed slight 
rarefaction and loss of definition in the lower part of the right sacro-iliac joint. The Wassermann, 
Kahn, and Widal reactions were again negative, and the Weil-Felix reaction w’as positive only in low' 
dilution against bacillus protcus O-X-19, O-X-2, and 0-X-K. In July, bilateral sacro-iliac abscesses de- 
^■eloped, w'hich w'ere sterile on aspiration, but from the drainage of which staphylococci wore grown. 
Injected guinea pigs were reported to have died of staph.ylococcus septicaemia. The diagnosis w'as now' 
changed to tuberculous sacro-iliac arthritis, with secondary infection. 

In August, following roentgenograms which showed destruction of the right sacro-iliac joint, a bi- 
lateral hip spica cast w'as applied. , „ r fu u a f o • i n *i • u -^i 

In May 1942, roentgenograms showed collapse of the body ol tlie eighth thoracic vertebra with a 

larce paravertebral abscess and no narrowing of the intervertebral discs, slight sclerosis of the adjacent 
vertebral bodies at the lumbosacral joint with narrowing of the disc space, extensive infiltration at the 
base of the right lung, bilateral hilar enlargement, and bilateral apical pleural thickening. The labora- 

tor 3 ' findings at this time were: 

Red blood cells,— 5,400,000; 

Hemoglobin, — 60 per cent.; 
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IVhite blood cells, — 6,400; 

Polymorphonuclear neutrophils, — 52 percent.; 

Lymphocj’tes, — 45 per cent.; 

Large monocytes, — 3 per cent.; 

Sedimentation rate, — 110 millimeters per hour (Westergren) ; 

Urine, — negative ; 

Repeated sputum examinations, — negative for tuberculosis. 

The patient, recumbent but unsplinted, was now transferred to a hospital in South Africa. He con- 
tinued to have low backache, pain in the right lower extremity, and intermittent pyrexia. He had an 
angular kyphosis at the eighth thoracic segment, and a deformitj' and pain on motion at the right hip. 
There was poor expansion of the right side of the chest, with bronchial breathing over the lower lobe 
and dullness of the middle lobe. The diagnosis was multiple tuberculous arthritis and tuberculous 
bronchopneumonia. In July 1942, a right psoas abscess developed, culture of which showed numerous 
gram-negative bacilli, and, in August, there was a single large hemorrhage from the intestine, the cause 
of which was not discovered. In October 1942, roentgenograms showed destruction of the right femoral 
head and of the acetabular roof with adduction and dislocation, destructive changes in the right sacro- 
iliac joint, increased irregularity of the surfaces at the lumbosacral junction, increased wedging of the 
eighth thoracic vertebra, slight clearing of the right lung, and slight mottling of the left lung. The pa- 
tient continued to have fever in irregular attacks, and a pulse rate which varied in proportion to his 
temperature. The right lower extremity was placed in traction, to correct the adduction deformit}' of 
the hip. In December, the hip was manipulated into an improved position and immobilized in a plas- 
ter east. In January’ 1943, a cold abscess of the right buttock developed and slowly subsided. 

Shortb’ after the author had taken over the case in April 1943, a large abscess of the anterior as- 
pect of the right thigh was discovered when the cast was changed. Aspiration yielded thin, diffuseb’ 
blood-stained pus from which pfeifferella whitmori was isolated for the first time by my colleague. 
Major M. H. Finlaj'son. Agglutination was positive at a dilution of 1 to 500. Negative laboratorj' ex- 
aminations at this time included the sputum; urine; culture of urine and faeces for pfeifferella whit- 
mori; blood culture; Wassermann, Kahn, and gonococcal complement-fixation tests; and agglutina- 
tion tests against organisms of the enteric, brucella, and proteus groups. 



Fig. 1-.\ 

May 1943. .\nteroposterior view of the lower 
thoracic spine, showing the collapsed eighth tho- 
racic vertebra, the paravertebral abscess, and slight 
'’“fro'J'ing of the disc between the eleventh and 
twelfth vertebrae. {Reproduced by courtesy of 
Journal of the Royal Army Medical Corps.) 
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Fig. 1-B 

Maj* 1943. Lateral view of the lower mid- 
thoracic vertebrae, showing m edge-shaped 
collapse of the body of the eighth vertebra 
with clear definition of both adjacent inter- 
vertebral discs, which are of practic.ally nor- 
mal ividth. {Reproduced by courtesy of 
Journal of the Royal Army Medical Corps.) 
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Fig. 4 Fig. 5 

Ma3’ 1943. Lateral view of the lumbosacral Februaiy 1944. Lateral view of the tho- 

joint, showing narrowing and loss of definition racolumbar spine, showing narrowing of the 

of the joint space. Extensive decalcification pre- discs, without bone destruction, between the 
vented more distinct roentgenogi'aphj'. eleventh and twelfth thoracic vertebrae, and 

between the first and second lumbar verte- 
brae; the twelfth disc appears sUghtlj’ wid- 
ened anteriorlj'. 

The patient was treated with autogenous vaccine, bj' hj'podermic injections of 10,000,000 dead or- 
ganisms; the dose was increased fairly rapidlj' at biweeklj' and later at weeklj- intervals. Several addi- 
tional abscesses and sinuses developed about the sacrum and groin during the next month, characterized 
by blood-stained, “ancho^'y-sauce pus” which, on culture, showed pfeifferella whitmori. Roentgenograms 
also showed narrowing of the disc space between the eleventh and twelfth thoracic vertebrae. After the 
dose of vaccine had been increased to 400,000,000, each injection was followed bj' increased fever a few 
hours after the inoculation and a slight local reaction at the site. The patient had a microcj’tic anaemia, 
and continued drainage from the thigh abscess, but showed general improvement. As Finlaj-son had 
shown experimentallj' that urea was lethal to pfeifferella whitmori in vitro, a saturated solution of urea 
was used for irrigating the persistent sinus in the thigh, but this had no appreciable effect. Sulfadiazine 
then became available, and was given with apparent beneficial effect on the fever and general condition. 
A total of fortj'-five grams of the drug was administered over a period of four weeks without harmful 
effects. Vaccine therapj' was stopped in January 1944, after a maximum weeklj’ dose of 2,500,000,000 or- 
ganisms had been reached. 

Bj’ April 1944, all of the sinus tracts had healed. The patient was gaining weight, and had been 
corapletelj’ afebrile for three months. His hemoglobin had increased to 97 per cent., and his sedimenta- 
tion rate had fallen to twentj'-six millimeters per hour (Wintrobe). Roentgenograms in Februarj’ 1944 
showed narrowing of tlie disc space between the first and second lumbar vertebrae, while the chest ap- 
peared normal and the lesions in other areas were unchanged. As there had been little sign of spontane- 
ous fusion of the hip, it was tliought that arthrodesis would be neces-arj' later. Tlie prognosis was con- 
sidered favorable for recoverj'. 

Bacteriological Findings 

A detailed account of the bacteriological findings in this ca^e has been published previousiv.' I am 
indebted to Major Finlaj’son for the following summarj’. 


VOL. XXVII, NO. 3, JULY 1043 


484 


J. H. MAYER 


Morphology and Staining: TJio organism is a gram-negative, non-sporing, motile bacillus, measur- 
ing about one-half to two micra, without evidence of capsule formation. It .shows polar staining, but 
is rather poorl}^ stained by the simple aniline d 5 ’’es, Nei.s.sor’.s, Albert’s and Leishman’s stains. Good dif- 
ferentiation was obtained by staining with dilute carbolfuchsin and counter-staining with dilute methy- 
lene blue; this method showed red granules on the blue background of the bacillus. In the tissues of 
inoculated animals, the bacilli were well demonstrated by carbolthionin, and appeared longer and nar- 
rower than on culture, sometimes showing short chain foi'mation. 

Cultural Characteristics: On blood agar, Die organism produced a fine growth after twenty-fou 
hours’ incubation, becoming abundant, smooth, gray'-, and glistening after sevent.y-two hours’ incuba 
tion. The organism was also grown in nutrient broth, nutrient gelatine, Loefller’s serum, milk, am 
McConkey’s agar. It fermented glucose without gas formation; failed to ferment lacto.se, dulcite, sac 
charose, and mannite; decolorized Andrade’s indicator after forty-eight hours’ incubation; formed m 
indole in peptone water; and did not grow on ordinary media under anaerobic conditions. 

Animal Experiments: Intraperitoneal injection of 0.5 of a cubic centimeter of a twenty-four-hou 
broth culture killed a guinea pig in thirty hours, and produced a copious, glaiiy, peritoneal e.xudate fron 
which pfeifferella whitmori was grown. The infection was widely disseminated, and caused many vis 
ceral lesions. Similar effects followed the injection of mice. 

Serological Reactions: Agglutination tests were positive with the patient’s -serum at a dilution o 
1 to 500; were negative with two normal sera at a dilution of 1 to 25, and were positive with the sen 
of several patients suffering from proved chronic pulmonary tuberculosis in dilutions up to 1 to 50. 

Conclusions: Except for its acid-fast properties, the general characteristics of this strain resembli 
in every respect those described as pfeifferella whitmori bj' Stanton and Fletcher, and by Topley am 
Wilson. 


DISCUSSION 

In retrospect, it is possible to criticize the earlier diagnosis of tuberculosis. The per- 
sistent pyrexia at the onset of the disease, despite complete rest, with abscesses developing 
seven months later, but with roentgenographic changes appearing only after a furthei 
lapse of ■five months, should have been viewed with suspicion. Also atypical was the 
wedge-shaped collapse of a single thoracic vertebra, without appreciable narrowing of the 
adjacent intervertebral discs or involvement of neighboring segments. The anomalous 
bacteriological findings in earlier specimens of pus suggest that pfeifferella whitmori (oi 
malleomyces pseudomallei) may have been present, but had escaped detection. Repeated 
failure to find bacillus tuberculosis in the sputum had not been explained, but the pulmo- 
nary lesions had been regarded as typical of tuberculosis clinically and roentgenograph- 
ically. This is the only known chronic case showing pulmonary lesions. 

The right sacro-iliac lesion may haim started either as arthritis, or as juxta-articular 
osteitis. The extensive destruction of the upper end of the femur suggests that the hip 
lesion began as an osteitis, and the lesion of the eighth thoracic vertebra was obviously 
an osteitis. On the other hand, there appears to have been no bone destruction associated 
with the lesions between the eleventh and twelfth thoracic and between the first and second 
lumbar vertebrae, both of which are definitely attributable to melioidosis, since earlier 
roentgenograms of these regions were normal. The lumbosacral lesion appears to have a 
similar pathology. Thus it seems that some of the lesions primarily involved bone and 
others cartilage. Much of the patient’s improvement may be attributed to the combina- 
tion of autogenous vaccine and sulfadiazine therapy. While the latter was perhaps more 
dramatic in effect, it was first employed at a time when the patient might have been ex- 
pected to improve because of better drainage. Furthermore, general improvement had been 
noted with vaccine therapy before the use of sulfadiazine, and improvement continued 
with vaccine therapy after the sulfadiazine was stopped. Therefore, it seems that these 
agents, used in combination, are valuable. Urea, despite the experimental in vitro evi- 
dence, 'was of no apparent value, but this may have been due to the impossibility of 
achieving adequate contact between the urea and the osteo-articular infection. 

An important principle in the treatment of melioidosis is that the abscesses, unlike 
those of tuberculosis, should be drained early and adequately. Abscess formation was ac- 
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companied on each occasion by a deterioration of the general condition, which improved 
following the institution of adequate drainage. Imperfect drainage was always accompa- 
nied by the formation of a chronic sinus, but, when good drainage could be established, 
healing was not unduly delayed. 
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THE USE OF SULFONAMIDES' IN COMPOUND FPACTURES 

BY MALCOLM S. EVELETH, M.l)., NEW HAVEN, CONNECTICUT 

From (he Orlhojmcdtc Section, Dcpnrfmcnt of Surgeru, 

Yale Ihiiuemily School of Medicine, New Haven 

In recent years there have been ninncrous articles in tlie medical literature dealing 
with the treatment of compound fractures. It seems generally agreed that most of the 
compound fractures occurring in the war zones are best treated by leaving the wounds 
open. HoAvever, in civilian injuries, it is felt by many that, following an immediate irri- 
gation and debridement, suture of the contaminated wound is a logical procedure in selected 
cases. Such factors as the extent of tissue damage, the amount of gross contamination, the 
time elapsed since the injury, et cetera, are of importance in deciding whether or not this 
initial suture is advisable. These same factors are of importance in the incidence of infec- 
tion in these primarily closed wounds. The implantation of one of the sulfonamides in the 
wound at the time of operation is another factor which possibly influences infection, and 
for this reason the surgeon might feel safer in closing these wounds primarily. 

In this paper we shall attempt to evaluate the use of sulfonamides in compound- 
fracture wounds treated by primary suture, following debridement and careful irrigation 
of the wound. We have as the basis for this study two series of cases. In one series, 
treated from 1933 to 1941, no local or systemic drug was used, and this series will serve as 
a contrast. In the second series, from 1941 through 1943, "one of the sulfonamide drugs was 
used locally, and in thirty cases was given by mouth postoperatively. It is our purpose to 
present these cases as comprehensively as possible in order that our series, admittedly not 
large, may be compared or added to other similar reports. We are limiting the scope of 
this report to the presence or absence of infection in the soft tissues or bone. 

CASES FOE STUDY 

This report is based on the records of 166 compound fractures occurring in 164 pa- 
tients. The records of all compound fractures of the long bones, treated in the New Haven 
Hospital over a ten-year period, have been examined. Twenty-four of these patients have 
been omitted from this report, because either they died within a few hours of multiple 
injuries or shock, or they were treated by packing the wounds open. The only cases selected 
for this report w^ere those treated by primary suture, following careful debridement and 
irrigation. Most of these injuries were sustained in automobile accidents, and the patients 
were brought to the Hospital by ambulance. The period elapsing between the initial in- 
jury and the time the patient arrived in the operating room varied from forty minutes to 
ten hours and forty minutes. One patient had a tiny wound that had been present twenty- 
four hours. The great majority of the patients, however, reached the operating room m 
from two to five hours following the accident. The ages of the patients varied from five to 
eighty-one years. 

Table I shows the number and percentage of the various bones involved. 

TREATMENT 

All of these 164 patients were first admitted to the Emergency Room where they were 
seen by a doctor immediately. A general examination of the patient was then carried out, 
and if shock was either present or impending, measures to control this were taken. The 
clothes about the wound were then removed and a sterile dressing applied. If the splinting 
done outside the hospital was not adequate, this was replaced. A prophylactic dose of 
tetanus antitoxin was given in all cases, and most of the patients received gas-bacillus 
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TABLE I 

Location of Fractures 


Bone 

Number 

Percentage of Total 

Humerus 

22 

13.3 

Radius 

28 

16.8 

Ulna 

16 

9.6 

Femur 

2 

1.2 

Tibia 

95 

57.3 

Fibula 

3 

1.8 

Total 

166 

100.0 


antitoxin in addition. After these measures had been completed, roentgenograms were 
taken, and the patient was sent directly to the operating room. 

After satisfactory anaesthesia had been obtained, another sterile dressing was applied 
to the wound ; the extremity was thoroughly cleaned and the dressing was removed. The 
surgeon .then prepared the field about the wound. (During the past three years, soap, 
alcohol, and tincture of zephiran have been used. In the period before this, soap, benzine, 
ether, iodine, and alcohol were used.) The surgeon then discarded his gloves and draped 
the field in the usual manner as for a major procedure, and put on a sterile gown and gloves. 

Following excision of the skin edges with a scalpel, thorough debridement and irri- 
gation of the wound were done, from within outward. (Since 1941, it has been a routine 
procedure to put sulfathiazole powder or sterile sulfanilamide powder throughout the 
wound.) Closure of the wound was then carried out with interrupted catgut sutures in the 
deep tissues and silk in the skin. Postoperatively, a dry, sterile dressing has been kept 
on the wound, in recent years. In the period from 1933 to 1939, it was the practice of a few 
surgeons to place a tiny rubber drain at one end of the wound; this was removed at the end 
of twenty-four hours for culture. Some surgeons used alcohol dressings at that time. 

Since the use of the sulfonamide drugs began in 1941, the drug has been given orally 
in many cases for about seven days postoperatively, or for a longer period of time if in- 
fection occurred in the wound. 

The treatment of the fracture itself varied. In the earlier cases of this series, some 
fractures were treated with catgut or braided silk to approximate the bone ends. Since 
1941, if some internal fixation was indicated, metal screws or plates have been used. 
Traction or casts have been used routinely as the surgeon deemed advisable in the indi- 
vidual case. 

Wound Healing 

Rather than dividing these 166 wounds into only two groups, it seemed more infor- 
mative ’to place them in four groups, as follows: 

1. Cases in which primary healing took place. 

2. Cases where separation of skin edges, superficial skin necrosis, or small hema- 
tomata occurred. 

These three complications of wound healing were difficult to fit into the infected 
group, because the wounds all healed within a few daj-^s or weeks by secondary intention 
without any definite signs of infection. Likewise, these wounds could not be considered 
healed by primary intention, even though the skin separation invoh'cd only a small por- 
tion of the wound. 

3. Infected wounds. 

This group is, of course, difficult to separate definitely from those cases with a mild 
osteomyelitis, but we have endeavored to put in this group onlj' those cases in which the 
infection, as far as we could tell, was limited to the soft tissues. 

These wounds all healed without sinus-tract formation or changes suggestive roent- 
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TABLE III 

CoMPARisox OF Wound Healing in Compound Fractures 



Sulfonamide Therapy 

No Sulfonamide Therapy 


Nvmber 

Per cent. 

Number 

Per cent. 

Primarj' healing 

30 

71.5 

82 

662 

Skin necrosis, separation of 





skin edges, or hematoma 

4 

9A 

18 

14.5 

Soft-tissue infection 

6 

14.3 

17 

13.7 

Osteomyelitis 

2 

4.7 

7 

5.6 

Number of 





compound fractures 

42 


124 


Total of infected wounds 

8 

19.0 

24 

19.3 


genographically of osteomyelitis, and consequently are considered merely soft-tissue in- 
fections. 

4. Infected wounds with osteomyelitis. 

In this gi'oup are the wounds from which sequestra were extruded or removed, which 
had a persistent sinus tract leading down to the bone, or which showed by x-ray changes 
consistent with osteomyelitis. Table II lists these patients. This table is presented to 
demonstrate the importance of the size and character of the wound in relation to the in- 
fection of the bone. 

• Table III is a tabulation of the wound healing in the two series of cases. 

Incidence of Infection 

In order to make this report as accurate as possible, we have endeavored to list and 
compare most of the important factors, other than the use of the drug, which have some 
effect on the incidence of infection in these wounds. Three of the factors are listed in 
Table IV. The character of the initial surgical treatment of the wound is more difficult 
to control accurately. However, all of these cases were treated bj" a routine method. The 
surgeons were either of a small group of attending men, or were Residents in Orthopaedic 
vSurgerj', working under the supervision of one of the faculty. The time elapsing between 
injurj’^ and arrival in the operating room was in most cases from two to five hours, with 
no significant variation in the two series. Finally, the amount of tension under which the 
wound was closed, a factor of recognized importance in production of infection, is not 
recorded in most of the notes ; so we have not attempted to evaluate this factor. 


TABLE IV 

Factors Favoring Wound Infection 
IN the Two Series of Cases 



No Local or General 
Sulfonamide 

Local Sulfonamide 


Number 

Per cent. 

Number 

Per cent. 

♦Large wound 

58 

46.7 

22 

52.4 

Grossly dirtj' wound 

14 

118 

8 

19.0 

Bone protruding through skin 

11 

8.8 

9 

21.4 


* Any wound over one inch in diameter or length 


Infection occurred in eight (19 per cent.) of the forty-two cases in our series, treated 
with the drug; this is almost the same percentage as in the series of Baker. In his report 
of 252 fresh compound fractures, treated with local sufonamides and primarj' suture, 
there were forty-seven infeetions, or about 18.6 per cent. 

Two conflicting reports comparing wound healing with and without the use of sul- 
fonamides have appeared in the literature. Jensen and Nelson report infection in 27 per 
cent, of the compound-fracture wounds treated without the drug. In their cases in which 


VOL. XXVII, NO. 3, JULY 1043 



490 


U. S. EVKLETH 


the drug was used, only 3.3 per cent, were infected. Not all of their cases were treated by 
primary closure. 

Melency, on the other hand, after studying a large group of these wounds, concluded, 
“The combined local and general, or the general, use of sulfonamides alone have not 
lowered the incidence of local infection”. 


SUM Af ARY 

1. The records of 166 compound fractures occurring in the long bones have been 
studied. 

2. All of these fractures were treated bj'' primary suture, following debridement and 
irrigation. Forty-two of the total number had one of the sulfonamides applied locally in 
the wound, and thirty of these received systemic treatment in addition. 

3. Definite infection occurred in 19.3 per cent, of the wounds treated without the 
drug. Infection developed in 19.0 per cent, of the wounds in which the sulfonamide drug 
was implanted. 

4. We have not attempted to classify the infections as trivial or serious. Hovwer, 
the percentage of serious infection, as evidenced by osteomyelitis, was about the same in 
the two series. 

5. We cannot show that the local use of sulfonamide in these cases altered the inci- 
dence of infection. 

6. In our two series of cases, early and careful debridement and irrigation were ap- 
parently the most important factors in preventing infection. 

Note: The author wislies to e.xpress liis appreciation to Dr. Samuel C. Harve}’’ and Dr. John S. 
Lockwood for their excellent suggestions in the preparation of this paper. 
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TUBERCULOSIS OF THE SPINE 
A Case Report 


BV DAVID M. BOSWORTH, M.D., NEW YORK, X. Y. 

From the Orthopaedic Service, Sea View Hospital, Xew York City 

Recover^" from tuberculosis of the spine, following extensive fusion, ma}' be so com- 
plete as to cause a watchful Pathologj’’ Service to upbraid an active Orthopaedic Service 
for having performed spine fusion on an assumed diagnosis of tuberculosis of the spine, 
some years before the patient's death. In the following case, recoveiy had occurred to 
such an extent that the Pathologj’ Sendee notified the Orthopaedic Sendee that on 
autopsy absolutely no evidence of tuberculosis of the spine could be found five 3’^ears 
following fusion. The pathologists questioned the necessitj’ of such a procedure. This 
querj' was startling, and the following case report is presented so that the reader maj- 
decide for himself. 

The patient was a Puerto Rican, thirty-three j'ears old, when refeiTed from another hospital in 
New York Citj- in May 1938. Thoracentesis of the right chest was done, j-ieldmg 100 cubic centimeters 
of yellow pus. Rib resection on the right was carried out, and a large, paravertebral- abscess was found, 
which upon evacuation proved to be tuberculous. The patient was transferred to Sea View Hospital. 

At Sea View Hospital, he was found to have a draining sinus over the previously resected nght nbs 
(seventh and eighth), with a slightly narrow disc space between these segments of the spine, and a 



Fig. 1-A Fig. 1-B Fig. 1-C 

Fig. 1-A: R. N. Par.avertebral shadow of third to twelfth thoracic vertebrae vith slight narromng of 
the disc of the seventh thoracic vertebia. 

Fig. 1-B: Shadow of the paravertebral abscess has decreased m the seven months following .=pine 
fusion. 

Fig. 1-C: X-ray just before autopsj'. Five years since Fig. 1-B. 
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massive soft-tissue paravertebral shadow, extending from the third to the twelfth thoracic vertebra. 
A diagnosis was made of tuberculosis of the spine with probable involvement throughout the extent 
of the abscess. A left hemi-spine fusion was performed in November 193S, and shortly thereafter, the 
right side was fused; the fusion being extended upward to include the sixth cervical vertebra. On gross 
examination, at the operative procedures, the posterior elements of the spine were found to be free of 
disease. Solid ankylosis of the spine was secured. The rib sinus healed ; the patient’s general condition 
improved; and he became ambulatorj*, although he remained under observation. 

Because of continuous low cervical pain, but without evidence of involvement of the cervical spine, 
fusion was extended upward in October 1943 to include the third cervical vertebra. Subsequentlj' the 
patient developed a right hemiplegia which resulted in death in March 1944. 

An unusually careful and extensive autopsy showed some fibrosis of the paravertebral tissue 
throughout the cervical and thoracic regions. Of the many sections made about the seventh and eighth 
thoracic vertebrae and the intervening disc, onlj' one showed abnormality, consisting of “a concentric 
area composed of hyalinized connective tissue surrounded b 3 ' loose connective tissue”. Grossly, the disc 
of the seventh cervical vertebra appeared slightly narrowed, with a somewhat vacuolated appearance. 
There was no evidence of tuberculosis grossly or microscopicallj'. 

The presence of a paravertebral abscess in the thoracic region is the earliest criterion 
for diagnosis of tuberculosis of the spine, far antedating bony or interspace changes. At 
Sea View, we accept such criteria as diagnostic, and proceed with fusion to cover the in- 
volved area. Therefore, it is important to realize that complete recovery from a patho- 
logical as well as a clinical standpoint may occur, as in the present case where there had 
previously been what the author considers to be absolute proof of tuberculosis. 

The patient’s death was apparently due to multiple emboli and infarctions •which 
■n’ere found to involve the lung and the kidney, and presumably the brain. Broncho- 
pneumonia was a terminal finding. The source of the emboli was atherosclerosis of the 
aorta with ulceration. 


EPIPHYSITIS OF THE ISCHIAL TUBEROSITY 
A Case Report 

BY PAUL E. MCMASTER 

Commander, Medical Corps, United Slates Naval Reserve 

Failure of bony fusion of the secondary epiphysis of the ischial tuberosity with frag- 
mentation, resulting in painful disability, is a rare occurrence, and no report of such a 
condition -n^as found in the literature. Therefore, having encountered such an unusual 
case, it seemed that a report might be of interest. 

The patient, white male, nineteen j'ears old, was a Private First Class in the Marine Corps. He 
was admitted to the Hospital September 17, 1944, complaining of pain in the left buttock and limb. He 
gave a historj' of having first experienced pain when, at the age of fourteen, while running, he jumped 
down an incline of a few feet and landed on his left foot. Immediatelj’ he had such severe pain in the 
left buttock that he fell. Pain was so extreme that he was unable to get up, and had to be taken home 
m the car of a passing motorist. The patient spent nearlj- four months in bed, getting up onh* occasion- 
allj'. Toward the end of this period, with assistance, some weight-bearing was possible. 

For several weeks thereafter he walked with a limp and required the aid of a cane. Graduallj- the 
pain which was “deep in the left buttock” decreased. At this time, the patient saw a doctor, and roent- 
genograms were made, which showed a “chip off the left hip bone”. 

* From the Orthopaedic Department of a United States Naval Base Hospital in the South Pacific. 
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Fig. 1 


Anteroposterior roentgenogram of pelvis, showing failure of bonj-^ fusion of an enlarged and frag- 
mented secondary epiplij^sis of the left ischial tuberosity. Irregularity in outline and density of the ap- 
posing bony surfaces and the intervening cartilaginous plate is noted. 


Approximately a 3 ’'ear later, he was able to play baseball and football. However, at various times 
while engaged in athletics pain in the left buttock and limb occurred, which did not confine him to bed, 
but kept him out of athletics for a few days. Rest, heat, liniment, and massage gave sufficient relief so 
that he was able to resume the sport. 

In the Spring of 1943 the patient idaj'ed on the varsity baseball team of a large southern univer- 
sity, and had no significant recurrence of his trouble. He joined the Marine Corps in July 1943, and 
went through boot camp training as well as “staging operations” with only an occasional flare-up of 
pain, but he did not report to sick bay. He had been with the initial invading force at Guam, and on 
his twelfth day of fighting, August 2, 1944, he received a superficial bullet wound of the right arm, and 
jumped into a foxhole, landing on his buttock. He immediate^’- had severe pain in the left buttock, 
similar to all the previous attacks. He was unable to move and morphine was required to control the 
pain. Soon thereafter he was moved by stretcher to a boat, then to a ship, and was evacuated through 
two mobile hospitals before arrival at this Base Hospital. 


Physical examination revealed a well developed white male, nineteen 3 mars of age. The super- 
ficial bullet wound of the right upper arm was nearb- healed and causing no trouble. AVith difficulty the 
patient got out of bed and walked, having a marked left limp. He stood with left knee and hip fle.xed, 
bearing weight on the right. There was moderate bilateral lumbar muscle spasm with limited spinal mo- 
tions approximateb’^ 75 per cent, of normal in all directions. These motions, especially forced fle.xion, 
caused pain in the left buttock and limb. There was tenderness over both the sacro-iliac and lumbo- 
sacral areas, as well as of the lower sacrospinalis muscle groups. 

Marked tenderness was present on deep palpation over the left ischial tuberosity, which was no- 
blv lar<^er than the right. No mobility of the epipln-sis was demonstrable. At rectal c.xamination, 
tenderness of the left perineal floor and lower left sacro-iliac region was noted. 

The limbs were of equal length, but the left mid-thigh revealed one inch of atrophy and the calf 
Rnlf inch compared to corresponding points of the right. Motion of both hips, particularly of the 
Tff limited and when forced, caused pain in the left ischial area. All other joint motions of the 
extremity were normal. Straight-leg raising was limited to 70 degrees on the right and 55 dc- 
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grees on the left. Stretching of left hamstring muscles was verj' painful. Lasegue’s sign was negative 
bilaterally. Refle.xes and sensations revealed no abnormal findings. 

Roentgenographic study revealed failure of bony fusion of a large irregular fragmented secondary 
epiph 3 'sis of the loft ischial tuberositj'. Apposing bon 3 ’ surfaces were irregular in outline and density, 
and the intervening cartilaginous plate showed some irregular densit 3 ^ suggestive of attempt at bon 3 ’’ 
fusion. (See Figure 1.) 

Urinab’sis, red and white blood-cell counts, and hemoglobin were normal. A smear was negative 
for malaria, and the Wassermann test was negative. 

After eight weeks of bed rest with daib' heat, liniment, and diathermy, moderate improvement 
was noted, but the patient was evacuated to the United States as unfit for strenuous field and combat 
duty. 


DISCUSSION 

The secondaiy epiphysis for the ischial tuberosity appears at the age of puberty, and 
unites at twenty to twenty-fi^'e years of age, according to Cunningham. 

Although the patient was nineteen imars of age, when union of the epiphysis could not 
yet be expected to be complete, there was no indication that the epiphysis was fusing with 
the diaphysis. The opposite ischium was normal in appearance, and revealed fusion of its 
secondarj'- epiphysis. Thus it is assumed that the fragmented ununited epiphysis of the in- 
volved side will persist, possibly giving rise to recurrent pain in the event of either direct 
or indirect trauma. 

The treatment recommended for this patient was rest, heat, and salicylates for the 
control of acute exacerbations. He was also advised to refrain from too strenuous physi- 
cal activity. Surgical intervention did not appear indicated. as the patient had always 
previously recovered from his recurrent attacks, and was improving from this one. 

There is no uniformity of opinion as to whether an ununited, fragmented, painful 
secondarj’' epiphysis should be designated “epiphysitis”, “osteochondritis”, or “osteochon- 
drosis”, “as suggested by Harbin. “Strain” was suggested by Watson- Jones for the condi- 
tion. 

A careful reriew of this patient’s history indicates that, at the age of fourteen, indi- 
rect trauma with an avulsive type of strain of the secondary epiphysis of the left ischial 
tuberosity had precipitated his trouble. Thereafter repeated indirect traumata, with an 
occasional direct trauma, kept the condition aggravated. There was no evidence, either 
in the history or examination, of any endocrine disturbance or other epiphyseal lesions. 
The patient Was unaware of any similar bone lesion in members of his family. There was 
no history of any serious systemic disease. 

It appears then that this patient’s condition is primarily of traumatic origin. Clinical 
and roentgenographic features are similar to the involvement with subsequent failure of 
bonj’- fusion of the epiphysis of the tibial tubercle, described by Osgood and Schlatter. Al- 
though epiphysitis of the ischial tuberosity suggests an inflammatory or disease process, 
such a factor evidently did not e.xist in this case, as trauma seemed to be the main etio- 
logical factor. Ho33’ever, as the secondary epiphysis and associated cartilaginous plate of 
the ischial tuberosity were im’olved, and since definite pathological changes were present 
by rdentgenographic study, the term “epiphysitis” is used to describe this condition, and 
IS considered to be descripti^'e in view of our present knowledge of the patliogenesis of 
such lesions. 
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A SIMPLIFIED SURGICAL APPROACH TO THE POSTERIOR TIBIA 
FOR BONE-GRAFTING AND FIBULAR TRANSFERENCE 

BY PAUL II. HARMON, PII.D., M.D., SAYRE, PENNSYLVANIA 

From the Sacdon on Orthopaedic and Traumatic Surgery, the Guthrie Clinic 
and Robeit Packer Hospital, Sayre 

The increasing number of osseous reconstructions of the leg present various prob 
lems, and it becomes more and more important tliat the surgeon have at his comraaa 
a wide variety of approaclies. The writer has been using for several years a simple pos 
terolateral approach to the tibia. This approach is useful in bone-grafting from the pos 
terior aspect, in cases of minor residual infection or extensive scarring of the anterior as 
pect of the leg. It has also been used for fibular transference, an operation gaining ii 
usefulness as a remedy for extensive loss of bone from the tibia. Priority is not claime{ 
for this method, which probably has been used sporadically by many surgeons, but thii 
simple surgical approach is described in the hope that it will be of aid to others. 


SURGICAL TECHNIQUE 


The operation is carried out with the patient lying prone or in the posterior obliqiK 
position. The lower extremity is prepared in the usual manner for bone surgery. The sldi 
incision extends along the lateral border of the gastrocnemius and soleus on the postero- 
lateral aspect of the leg. Its extent varies with the size of the operative field desired. Foi 
exposure of the middle three fifths of the tibia and interosseous membrane, the field wind 
is most easily made available, the skin incision extends inferiorly almost to the latera, 
malleolus (Fig. 1). 

The plane of division between the soleus and the flexor hallucis longus is identified 
as well as the peroneus longus and brevis, which lie anteriorly and form the floor of the 
field when the leg is opened. Reflection of the soleus and the flexor hallucis longus is thea 
made to the medial side. This bares the posterior face of the fibula, which is the land- 
mark for orientation in this approach. Deep retractors are inserted to pull the posterior 
muscle mass medially. As this is done, the tibialis posterior is dissected in part from its 
origin on the posterior aspect of the interosseous membrane. As this latter separation 
proceeds, the posterior muscle mass falls to the medial posterior side of the leg with 
greater ease. The only vessels or structures of even minor importance which are encoun- 
tered in this approach are the muscular branches of the peroneal artery, seen high in the 
wound in association with the peroneal muscles. It is to be noted that the posterior tibial 
artery, vein, and nerve are not exposed, and ai'e retracted medially in the muscle mass, 
since they lie between the tibialis posterior and the flexor hallucis longus. 

The dissection at this stage is seen in Figure 2. The posterior half of the fibula is 


prominent in the lateral border of the wound. The entire fibular shaft, with the exception 
of the fibular head and the lateral malleolus, can be easily explored by subperiosteal 
dissection. Practically no bleeding is encountered, inasmuch as the deep dissection is 
concerned chiefly with the separation of the fibers of origin of the tibialis posterior from 
the interosseous membrane. The flat posterior surface of the tibia is exposed in its en- 
tirety except for its upper fifth, which is in intimate relation to the popliteus muscle and 
the first portion of the posterior tibial vessels and nerves. Because of these latter struc- 
tures the posterior approach is undesirable for exposure of the tibial condyles. The 
<;ur2eon should note that the flat posterior aspect of the tibial shaft is an excellent surface 
from which to cut reversible grafts, and for the application of onlay bone grafts. Room 
^available for the operation of the motor-driven saw when adequate retraction of the 
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posterior muscle mass has been secui’ed. For the synostosis operation, the appropriate 
procedures can be carried out with a full view of all structures. The exposure in the 
depths of the wound is shown in Figure 3. 

At the termination of the operation, immediate release of the retractors permits the 
posterior muscle mass to resume its normal place. In the closure, it is necessary only to 
unite the deep fascia on the lateral side of the leg with a few interrupted stitches, and 
subsequently to close the skin. There is no danger of skin necrosis, as the skin of this 
portion of the leg is pliable, and there are many thicknesses of muscle between the skin 
and any bone which may have been added. The author has never observed circulatory 
difficulties or difficulties in healing of the wound, following the use of this approach. 


FRACTURE-DISLOCATION OF THE BASE OF THE FIFTH METACARPAL 

A Case Report 


BY CAPTAIN BAXTER L. CLEMENT 
Medical Corps, Army of the United States 

Isolated dislocations of the base of the fifth metacarpal are rare, and have been re- 
ported infrequently. A review of the literature reveals that McWhorter reported one 
case in 1918, stating that he had been unable to* find any record of a previous case. 
Roberts and Holland of the Liverpool Royal Infirmary reported four cases in 1936. 


CASE REPORT 

Sergeant F. R., white male, twenty-four 3mars old, was admitted to the Station Hospital on May 
23, 1944, complaining of severe pain and deformity of the right hand. He gave a histoiy of striking the 
dorsum of the hand, over the fifth metacarpal, on the edge of a table, while scuffling with a fellow soldier. 

With the exception of the injured hand, phj’'sical examination was negati-\'e. There were no marks 
or bruises on the hand. There was moderate swelling over the base of the fifth metacarpal on the dorsal 

aspect. The outstanding objective findings were 
modified claw position of the hand, complete 
loss of knuckle of the fifth metacarpal, ulnar 
deviation of the little finger, and inability to 
approximate the little finger to the ring finger. 
There was a minimum of local reaction, and 
the first clinical impression was that the de- 
formity might have been the result of an old 
injury. A photograph (Fig. 1) of both hands 
was taken for comparison, which illustrates the 
deformity. Roentgenogram of both hands, also 
taken for comparison, revealed a dorsal dis- 
location of the ba^e of the right fifth meta- 
carpal on the carpal hamate. It also showed a 
minor fracture of the base of the metacarpal 
on the radial surface. There was slight short- 
ening of the metacarpal. 

The patient was given sodium pentothal in- 
travenouslj', and, with traction on the little 
finger, together with pressure over the base of 
the fifth metacarpal from the dorsal surface, 
reduction was comparatively easj', but occurred 



Fig. 1 


Photograph of both hands illustrates the deformity 
of the right hand, and cupped position of hand. 
There is absence of knuckle to little finger, and ulnar 
deviation of the finger. 
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Roentgenogram reveals fracture-dislocation of the Postreduction roentgeno^am shows re- 

base of the right fifth metacarpal on the carpal duction and fixation with Kirschner wire, 
hamate; 

ivith a cruncliing sound which could be heard across the operating room. The reduction could not be 
naintained, and the dislocation recurred with the slightest manipulation of the finger. (This same find- 
ing was noted by Roberts and Holland.) It was felt that the dislocation could not be maintained with 
plaster-of-Paris; therefore, a Kirschner wire was inserted in the proximal third of the metacarpals to 
the little, ring, and middle fingers. After this, no amount of manipulation of the fingers or hand caused 
a recurrence of the dislocation. The visible deformitj- of the hand had been corrected by reduction. The 
knuckle had been re-established, the claw position of the hand had disappeared, and the little finger had 
resumed a normal position. 

Figure 3 reveals the complete reduction obtained. The joint space between the base of tlie fifth 
metacarpal and the hamate has been re-established, and appears to be normal. 

The soldier returned to duty three days after the injurj-. On removal of the wire, four weeks after 
insertion, he had normal, painless motion of the fingers and wrist. 

HEFERENCES 

McWhorter, G. L.; Isolated and Complete Dislocation of the Fifth Carpometacarpal Joint: Open 
Operation. Surg. Clin. Chicago, II, 793, 1918. 

Roberts, Korm.an, axD Holmxd, C. Thurst.ax: Isolated Dislocation of the Base of the Fifth Meta- 
carpal. British J. Surg., XXIII, 567, 1936. 


VOL. XXVII, xo. 3, JULV laio 



CHRONIC DISLOCATION OF THE BASE OF THE METACARPAL 

OF THE THUMB 

BY G. W. N. EGGERS, M.D., GALVESTON, TEXAS 
From Ihe Deparhncnt of Surgery, Orthopaedic Division, University of Texas School of Medicine, Galveston 


Chronic dislocation of the base of the metacarpal of the thumb offers a functional 
problem of importance. Movement is impaired rather than lost; and, therefore, the par- 
tial disability is often endured. Correction demands stability and retention in reduction, 



Fig. 1-A 

Location of skin incision. 



Showing branch of radial artery in the 
operative field. 




Fig. 1-D 

Retention of reduction of the 
dislocation. 
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as adduction and opposition are 
performed. The surgical proced- 
ure described has been found to 
meet functional requirements. 

The incision is made on the 
dorsum of the hand, extending 
from between the metacarpal of 
the thumb and that of the index 
finger to a point proximal to the 
articulation of the first metacarpal 
and the greater multangular (Fig. 

1-A). It is important to preserve 
the digital sensory nerves, and 
these should be seen and retracted. 

The next step is to identify and 
ligate the branch of the radial 
arterj'^ perforating the interphalan- 
geal space. This vessel varies in 
size (Fig. 1-B). The metacarpal 
is liberated at the base, and the 
fibrous tissue is removed. (Sel- 
dom is it necessary to liberate 
metacarpal portions of the adduc- 
tor of the thumb.) The disloca- 
tion can then be reduced. The 
correction of the dislocated metacarpal, which is not easily maintained, is accomplished by 
utilizing the tendon of the extensor carpi radialis longus. This tendon, inserted into the 
base of the metacarpal of the index finger, is in two portions, — medial and lateral. The 
tendon is drawn down from its sheath, and the lateral portion is divided to secure a band 
(Fig. 1-C). The tendon is released, and the divided band is inserted into the metacarpal of 
the thumb through holes drilled near the base (Fig. 1-D). It is important that the inser- 
tion be near the articular surface for proper retention during adduction and opposition. 
The tendinous slip is made taut, and is sutured into position with silk. After the usual 
skin closure, a plaster cast is applied, with the thumb in a position of anatomical rest, and 
the correction is maintained for three weeks. Return of function is satisfactory. 

CASE REPORT 

J . B., forty years of age, was a cafe proprietor. During the first week of January, 1944, the patient was 
lifting a “side of beef” which slipped. As it fell, his thumb was caught so as to bear the weight of the beef. 
There was a severe pain in his right thumb, and he could feel it “slip out of joint”. Swelling of the part 
followed, and he sought the advice of his family physician who reduced the dislocation of the thumb, and 
applied adhesive to retain the reduction. The diagnosis, made from a roentgenographic studj', was complete 
dislocation of the base of the metacarpal of the right thumb from the greater multangular. 

The reduction was not satisfactory, and a splint was applied to the thumb. This method also failed, 
and a plaster cast was applied. Two weeks later the cast was removed, and the dislocation of the right 
thumb recurred. 

The dislocation could bo corrected easilj', and the patient would do so at his own pleasure. Retention 
of the first metacarpal in the normal position was not possible, for redislocation would immediately take 
place. This condition was quite anno 3 'ing, because of the instabilitj' of the thumb and the pain present when 
he was working. He was right-handed, which made the condition a handicap to his working efficicnej’. 

On Februao' “1, 1944, the patient was e.vaminod, and an open reduction nas performed bj' means of the 
operative technique described. Anaesthesia was bj' local infiltration. 

Four M eeks after operation, the patient had returned to his usual work. The function of the thumb was 
satisfactorj', and was not painful. .An examination ten montlis later revealed that the metacarpal of the 
thumb had remained in the corrccted.apsition and dislocation had at no time recurred. 
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Fig. 2-A Fig. 2-B 

Fig. 2-A; Chronic dislocation of the base of the metacarpal 
of the thumb, before correction. 

Fig. 2-B: Chronic dislocation of the base of the metacarpal 
of the thumb, after correction. 



COMPOUND AVOUND OF THE KNEE JOINT WITH RETENTION OF 
' SEA SHELLS AND BEACH SAND 

I 

{ A Case Report 

I 

BY WILLIAM E. KENNEY, M.D., NEW HAVEN, CONNECTICUT 

' From the Section of Orthopaedics, Department of Surgery, Yale University School of Medicine, 

^ ' and the Neio Haven Hospital, New Haven 

The physician is occasionally required to treat a single case which presents a multi- 
tude of complex problems. Sometimes there is no adequate precedent upon which he can 
base his decisions. Nevertheless, he regards it as a profitable experience, and feels justi- 
fied in reporting it and discussing it in some detail. The patient, whose case is herein 
reported, suffered from a laceration of the quadriceps extensor femoris tendon, a compound 
wound of the knee joint, the retention of two types of foreign bodies within the knee (one 
of which was submeniscal in location) , and suppurative arthritis. The problems were dealt 
with in such a way that the patient now has a satisfactorily functioning knee joint. 


CASE REPORT 


W. B„ a white male, si.xteen 3 mars of age, appeared in tJie Emergencj’- Room of the New Haven 
Hospital on Avigust 1, 1943, witli the complaint of a cut on his left knee. 

About two and one-half hours before admission the patient liad run down a sloping beach, and had 
dived into the water where he struck protruding rocks with his left knee. He was immediate!}'' unable 
either to walk or to swim. 

Examination revealed a laceration five centimeters long, located one and one-half to two centi- 
meters above the superior border of the left patella. In the depths of the laceration the cut edges of the 
quadriceps tendon could be seen, as well as the anterior aspect of the femur. There was total inability 
to extend the leg. 

Roentgenograms showed no evidence of fracture, but in the lateral view there was a small and faint 
calcific shadow situated behind the femoral condyles. This was absent in the anteroposterior projection. 

Therefore, the clinical impressions were laceration of the quadriceps tendon and compound wound 
of the knee. The patient was taken to the operating room where debridement of the superficial tissue 
down to the tendon was carried out. The wound was copiously irrigated with saline, and a suspension of 
sulfathiazole was placed in the joint. No foreign objects were noted. The suprapatellar bursa was sutured 
by interrupted silk, as were also the tendon and its lateral expansion. The wound was closed without 
drainage, and a cast was applied with the leg in extension. The patient was given tetanus antitoxin 
and was placed on sulfadiazine systemically. On the tenth postoperative day, the wound was clean and 
healed. 

Ten and one-half weeks after the injury, the cast was removed, and physiotherapy was started. 

About three months after the original injury, a roentgenogram was made because of incidental 
trauma to the left knee. This revealed that the calcific shadow noted previously was now definitely 
within the posteromedial compartment of the joint. 

An upper respiratory infection developed on December 2, 1943, and nine days later, the left knee 
suddenly became swollen, painful, tender, and hot. The temperature was 101.6 degrees, and the general 
physical examination was negative. Aspiration of the left knee yielded seventy-five cubic centimeters 
of yellow cloudy fluid (not purulent) on which a cell count was 121,000 per cubic millimeter, 92 per cent, 
of which were polymorphonuclear leukocytes. The smear showed gram-positive cocci in chains, al- 
though both the blood culture and fluid culture were sterile. Repeated aspirations, cultured both aero- 
bically and anaerobically, yielded no growth of organisms. The patient’s temperature gradually fell to 

normal on the fifth day. • j n j i i u • , i i ^ 

Following this episode the knee remained swollen and had a boggy consistency to tlie touch, not 

unlike that of chronic synovitis. Flexion was possible to 70 degrees (complete extension being ISO 


degri^s)^. returned to the Hospital on Februao' H, 1944, with the statement that, while walking 

tt e niirht before he had noticed a "soft” but "not bony” re.dstance to flexion deep within tlie knee. A 
W hours thereafter the joint had become painful and sivollen. The temperature was 100.8 degrce.s. 
Aspiration yielded a cloudy fluid, which was negative to culture, and smears showed no organi.^ms. 
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Further roentgenograms revealed tliat the “joint mouse” had been broken up into three pieces.' 
Tlierefore, the patient was admitted for arthrotomy on Februarj' 16, 1944. 


OPERATH'E PROCEDURE 

The region of the left knee was prepared and draped routinely. A posteromedial approach to the 
posterior compartment was used. The tibial collateral ligament was divided vertical^ at the junction 
between the oblique and straight portions. The sjmovial membrane of the posterior compartment was 
incised, and a moderate amount of sj-novial fluid escaped, which contained what appeared to be beach 
sand. Irrigation, the introduction of gauze tips, and digital exploration all failed to produce the foreign 
bodies, and although it became'possible for the operator to visualize the entire posteromedial compart- 
ment, nothing came into view. Roentgenograms taken at this time, however, showed that the three 
radiopaque calcific bodies were still present, apparentlj' in the posteromedial compartment. It was 
then realized that the floor of the compartment was on a level with the superior aspect of the posterior 
horn of the medial meniscus. Furthermore, it seemed from the roentgenogram that the level of the for- 
eign bodies was more nearl 5 ’ that of the superior surface of the tibial plateau or, in other words, under- 
neath the medial meniscus. Accordinglj', the posterior horn was dissected free, and the space between 
the tibial plateau and the medial meniscus was opened. This, for want of a better term, might be called 
the submeniscal compartment. . ^ 

At this point, the two smaller objects became visible, and appeared to be pieces of a sea shell. It 
was not until the meniscus was lifted up, however, that the third and largest piece of the sea shell was 
found embedded in the inferior aspect of the meniscus. The largest measured three-sixteenths of an 
inch (05 centimeter) in its greatest diameter, and each of the two smaller measured one-sixteenth of an 
inch in its greatest diameter. After irrigation the wound was closed with an interrupted silk technique. 

Within less than twenty-four hours after the skin closure, the tenfiperature had already reached 
103 degrees. The patient became violentb' ill with a temperature reaching to 103.2 degrees daily, a 
pulse of 120 to 140, and respirations of 35 to 40. The general physical examination (including that of 
the lungs) was negative. Culture of the wound was sterile, and the blood culture was negative. The 
knee was aspirated of purulent material which yielded a hemolytic staphylococcus aureus. This organ- 
ism fermented mannite and was coagulase positive. 

The joint was aspirated and irrigated with saline through the aspiration needle for fifteen minutes, 
and 5,000 units of penicillin were injected into the joint daily. This was followed twenty-four hours 
later b 3 ' another irrigation and more penicillin. Such treatment was continued for five da 5 's. At this 
ppint the irrigation 'was discontinued, and 10,000 units of penicillin were injected into the knee joint 
everj" other daj’ for two weeks. 

On the tenth postoperative daj', the leg was placed in skin traction of about five pounds on a 
Thomas splint with a Pearson drop. The splint was so arranged that the patient himself could give the 
knee passive motion in traction through 90 degrees of flexion to complete extension. Discharge to the 
Clinic took place four weeks after admission to the Hospital. 

At present the patient has volunteered the information that “the sense of deep heat inside the 
knee” has gone. There is no effusion. Extension is complete, and flexion is possible to 60 degrees from 
180 degrees, and is still improving. There is no relaxation of the knee, either in an anteroposterior or in 
a lateral direction. The knee is painless. The patient walks without a limp, can go up and down stairs 
without difficulty, and plaj^s easilj' at strenuous sports, such as baseball and handball. 


DISCUSSION 

Only one case of a laceration of the quadriceps tendon® has been found in the litera- 
ture, but there are at least seventy-seven cases of rupture of the quadriceps tendon re- 
ported. From these it can be gathered that suture of the tendon and immobilization in a 
cast for from two to six weeks is tbe preferred method of treatment.- The choice of the 
length of time the leg is immobilized should be guided bj"^ what is known in regard to the 
rate of tendon healing, the forces it must withstand, and the function expected of it. 
Mason and Allen have pointed out several features, valuable to the intelligent manage- 
ment of a sutured tendon. According to their findings, it would seem that a lacerated 
tendon should be immobilized for three weeks, and then function should be started grad- 
ually. 

However, it should be remembered that the quadriceps muscle has a large hea3y ten- 
don, and that the stresses put upon it are probably greater than those upon any otlier 
tendon in the body. Consequently, it is probably best to immobilize lacerations of the 
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quadriceps tendon for from six to eight weeks. The period of ten and one-half weeks in 
the case reported here is perhaps needlessly long. 

A feature of cases of knee injury which has been emphasized constantly is the sur- 
prisingly profound and rapid atrophy of the quadriceps muscle. Measures to maintain 
the muscle in good condition, such as massage, stimulation, and quadriceps-setting exer- 
cises, have been advised and followed. However, relatively few authors^'^.'^.^i have pointed 
out the importance of the extensor apparatus to knee flexion. In the present case, postop- 
erative flexion was limited to 95 degrees. The patient complained of a subjective feeling 
of resistance anteriorly overlying the region of the musculotendinous junction, upon at- 
tempting active flexion. Objectively, passive flexion of the knee was suddenly limited at 
the time when the quadriceps bellies were felt to become taut, firm, unyielding bands not 
unlike fibrous tissue to the touch. . The limitation was not due to adhesions in the supra- 
patellar bursa. During the course of physical therapy aimed at stretching the quadriceps, 
the consistency of the muscle approached normal, and the flexion improved. It is urged 
that in cases showing limitation of flexion at the knee, this point be kept in mind, and 
treatment directed specifically to stretching the extensor apparatus. 

Poreign bodies within the knee may be derived from two main sources, those intro- 
duced from without (exogenous foreign bodies) and the chondro-osseous bodies arising 
within the joint (which might be termed endogenous). 

The common sites for endogenous bodies are the suprapatellar bursa, the anterior 
compartment, the medial aspect of the lateral femoral condyle, and occasional!}'- the pos- 
terolateral compartment. 

Mention has been made in the literature of various exogenous bodies, — needles, glass, 
wood, metal, and bullets. However, the combination of sea shells and sand is unique. 
The position of the shells was likewise interesting. Geist^^ reported a case of a chondro- 
osseous body under the lateral meniscus anteriorly. In 1929, the same author reported a 
second similar case of a loose body in the same obscure location, beneath the anterior 
horn of the lateral meniscus. In his series of 150 operations upon the knee, this position 
had occurred twice. Upon cadavera Geist found that there was adequate room under the 
lateral meniscus to hide a penny or a button. In 1928, Bizarro reported a case in which a 
fragment of glass was removed from underneath the posterior horn of the lateral meniscus. 

It will be noted that the present case represents the first, so far as tlie writer has been 
able to determine, in which the foreign object was beneath the medial meniscus. 

Geist and Bizarro point out, and it was adequately confirmed in this case, that oper- 
ators usually are not fully conscious of the possibility that foreign bodies can be situated 
in the submeniscal compartments, either anteriorly or posteriorly. Therefore, it should be 
emphasized. The small size of the objects in this case did not reduce the difficulties for 
the operator, and yet, due to their peculiar and strategic position, they caused a severe and 
recurrent internal derangement. By lifting up the posterior liorn of tlie medial meniscus, 
they were probably responsible for the patient’s complaint that flexion of the knee was re- 
sisted by a soft object. 

The roentgenograms were reviewed postoperatively in an attempt to see whether a 
submeniscal position could have been predicted. The only observation which may be of 
value w'as that the object was very near the level of the tibial plateau, and that foreign 
bodies in the posterior compartment, as ordinarily understood, would be expected on a 
level higher than the tibial plateau by about the thickness of the meniscus. 

Platt has recommended what was attempted by the author, namely “compartmen- 
tal” surgery of the knee. He states that “the joint cavity is divided into five distinct but 
intercommunicating compartments— three in front and two behind”. These are the supra- 
patellar, the anterolateral, the anteromedial, the posterolateral, and the posteromedial. It 
would seem that these must now be increased to include the two anterior submeniscal and 
the two posterior submeniscal compartments. The various compartments of the knee joint 
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are formed by s 3 'novial reflections. Fullerton has made an excellent studj’ of the surgical 
anatomy of the sjmovial membrane, and the submeniscal pockets are clearlj’ outlined. 
Snell has filled the knee joint with a radiopaque material, and bj' roentgenogram has 
demonstrated these pockets bulging posterior and inferior to the menisci. 

Much of the information on suppurative arthritis has come from war experience with 
compound wounds of the joint, in which foreign bodies were retained. Postoperative in- 
fection of this joint has been studied bj' iMilch and Piaisman, and their conclusion was 
that the incidence of infection varied directlj' with the complexity and the duration of the 
operation and with the size of the incision. 

In this case, the operator was particularty vigilant not onty of his own technique, but 
also of that of eveiy member of the team. Xo break in technique came to his attention. 
Because of the curious submeniscal location of the foreign bodj', the operation was com- 
plex and long. However, neither the beach sand nor the sea shell was sterile when it was 
introduced into the knee. The patient had had a few febrile episodes of pain and swelling 
of the knee, which must be looked upon as transient and verj"^ mild attacks of suppurative 
arthritis. The temperature was alreadj' 103 degrees, within twenty-two hours of the clos- 
ure of the skin, instead of after the usual three to five daj's, when infections from faulty 
technique are expected. Consequentty, it seems more likety that the infection resulted 
from the removal of contaminated material from the joint with the breaking down of the 
protective wall of fibrous tissue. 

The management of suppurative arthritis of the knee can be diflicult. One is confused 
by the numerous methods in the literature, but all of them have three common features. 

The first of these is evacuation of the pus, whether or not the joint is drained surgi- 
calty. The greater number of surgeons favor drainage. On the other hand, some rety upon 
aspiration, either single or multiple, to evacuate the pus. 

The second principle is an attempt to sterilize the contents of the joint, chemicalty, 
mechanicalty, or bj’- chemotherapj\ Chemical sterilization is illustrated bj’' the use of iodo- 
form gauze, flavine, mercuric chloride, ether and “bipp”, pero.xide and carbolic, phenol and 
camphor, or ether. In most of these methods, the mechanical effects of dilution and lavage 
cannot be excluded. Some sui'geons have utilized irrigation with saline alone to bring about 
the desired result of sterilizing the joint fluid. Perhaps in the future such drugs as penicil- 
lin, as it was used in this case, will prove to be of the utmost value in cleansing joints. 

The third principle in the management of suppurative arthritis, especialty in the knee, 
is the question of motion or immobilization. It has been pointed out that absolute rest of 
the part is one of the best waj^s of combatting infection and of ensuring the later mobil- 
ity of the joinf*’’®. However, some writers have felt that motion in the joint expresses the 
purulent material from the various pockets, and prevents formation of adliesions and 
muscle atrophy. The motion maj^ be either active, assisted active, or passive in traction, 
as in the case reported here. 

Tobin, Eggers, and Everidge have described apparatus not unlike that used in tliis 
case to give passive motion in traction. The advantages of tins method are that the joint 
surfaces are distracted somewhat, and, therefore, do not become eroded; that the muscle 
spasm and pain are relieved bj' traction; that the motion of the joint empties the pockets 
of pus and prevents the formation of adhesions; and, lastty, that it can be carried out bt* 
the patient himself. 

It would seem desirable, therefore, to treat suppurative ai’thritis of the knee bj' carh- 
surgical drainage, bj" thorough irrigation at operation, leaving the wounds open without 
drains, and bj" earty passive motion in traction. When surgical drainage seems undesir- 
able, daity irrigations through an aspirating needle plus the intracapsular administration 
of penicillin are at least feasible, and maj' in the future prove to be the best method. 

Note; For critical readings of this report, acknowledgment is gratefully made to Dr. S. C. Han-cy 
and Dr. M. S. Eveleth, Department of Surgery, Yale University School of Medicine. 
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A SPLINT FOR THE 'CORRECTION OF EXTENSION CONTRACTURES OF 
THE jSIETACARPOPHALANGEAL JOINTS 


BY LIEUTENANT COLONEL I. WILLIAM NACHLAS 
Medical Corps, Army of the United States 

Extension contracture of the metacarpophalangeal joints is a common sequel to in- 
juries of the hands and arms. It is usually the result of prolonged splinting by plaster 
casts, prepared splints, contracture of the skin and tendons, or disuse resulting from nerve 
and blood-vessel damage in the upper extremity. After the contracture has developed, 
attempts to move the joints produce pain, so that the patient tends to continue the splint- 
ing subconsciously. A -vicious circle is thus begun. There is, of course, a similar deform- 
ity resulting from intrinsic damage to the joints, but this constitutes a separate problem. 

The proximal finger joints in extension are particularly prone to fixation, with con- 
tracture of the capsules, the capsular ligaments, and the periarticular structures. Bun- 
nell points out that infiltration of serofibrinous material between the various layers sur- 
rounding the articulations causes interference with 'the gliding of the tissues. Further- 
more, the collateral ligaments are normally so attached to the bones that, although they 
are relaxed when the joint is extended, they become taut when the joints are flexed. If 
these ligaments become fibrosed or shortened, they act as checkreins to prevent flexion. 

The inability to flex these joints constitutes a serious disability, because the hand 
cannot be closed. When there is an associated stiffening of the interphalangeal joints, 
the entire hand is “frozen” or “congealed”. The use of the hand as a prehensile instru- 
ment is lost. There is also marked impairment in the holding qualities of the hand, when 
the proximal finger joints alone are maintained in fixed extension. 

Because of the importance of restoring to the hand its grasping function, a number 
of procedures have been used to correct this deformity. Physical therapy has been re- 
sorted to, but has proved to be of only limited value when used bj’’ itself. Manipulation of 
the joints under an anaesthetic is said to cause a tearing of the periarticular tissues, with 
resulting protective reaction that frequently leads to further splinting and fibrosis. Be- 
cause of this, manipulative surgery has been decried by many authorities. Occupational 
therapy, properly used, has been helpful, but the course of treatment is long, and its effi- 
cacy is dependent on the cooperation of the patient. Surgical intervention offers prompter 
correction, and has consisted chiefly of excision of the capsule on either side of the af- 
fected joint. 

In the belief that continuous mild traction can restore the flexibility of the tissues 
fairly promptty with less damage to the joint structures, there has been developed a trac- 
tion device in which tension is supplied by rubber bands. The problems of controlling the 
degree of tension, the direction of the pull, the ease of adjustment, and the comfort of the 
patient all presented themselves, and it has been possible to meet these requirements 
without making the splint too complicated in construction or too difficult to control. The 
splint consists of two basic parts, — first, a foundation splint which serves to keep the wrist 
m a cock-up position, to supply a fixed point for the attachment of the traction bands, 
and to afford a simple adjustment for the direction of the pull; and second, the traction 
unit which includes the elastic bands that supply tension. 

The foundation consists of a cock-up splint of the type that was at one time used for 
immobilizing Colles’s fractures. It is placed on the volar side of the forearm and palm, 
and strapped to the arm bj' a broad webbing. A longer, narrower strap fixes the palm part 
of this splint, so that it does not slip forward in the hand to interfere with flexion of the 
metacarpophalangeal joints. A U-shaped wire bar is held attached to the cock-up splint 
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by loops that permit the bar to be 
moved longitudinally. By regu- 
lating the position of this bar, one 
can control the direction of the 
traction. A buckle on the anterior 
surface of the splint supplies s 
point of fixation' for the tension 
strap (Fig. 1) . 

The traction apparatus con- 
sists chiefly of a broad leather 
strap on the back of tlie hand, 
fixed at its proximal end by a 
webbing strap around the wrist 
(Fig. 2,D]. At its terminal por- 
tion, this leather strap is cut longi- 
tudinally to digitate it. The end 
Toundation splint witli fixation straps. of each of these “digits” is sewn 

back on itself around a rubber 
band. The rubber bands for each of the “digits” are collected at their distal part, and held 
in a small wire catch that is sewed into a narrow leather strap which, in turn, is to fit into 
the buckle on the forearm. Specifications for the splint as it has been used in this hospital 
are as follows; — 



SPECIFICATIONS OP SPLINT 


Foundation Splint (Figs. 1, 2, A, 2>,A, Z,B, and 3,C). 

' 'The' material used is 18-gauge aluminum, three and one-half inches wide at the prox- 
imal'portion, and three inches wide near the wrist. The forearm part is curved to fit the 
convexity of the volar surface of the forearm. At the wrist, the splint is bent up to hold 
the palm in the cock-up position. The distal end of the splint, which fits proximal to the 
metacarpal heads, is curved forward, so as to avoid cutting into the palm of the hand. On 
the concave side, there is glued a layer of light-weight sheepskin. In the palm of the 
hand, a’ metatarsal arch pad, three-eighths of an inch thick, is placed under the leather 
lining to permit maintenance of the transverse arch of the hand as recommended by Bun- 
nell (a in Fig. 3,B and Fig. 3,C) . On the convex surface, a monel-metal band is riveted 
longitudinally to serve as a strap retainer (b). The distal rivet also fixes a one-inch 
leather loop that holds a five-eighths-inch buckle (c). On the convex surface, near the 
long edges, there are riveted four monel-metal loops to gi'asp the sliding bar snugly with- 
out preventing its being pulled longitudinally (d). The sliding bar (e) is made of one- 
eighth-inch wire, and forms a V with the two arms of the U inserted through the monel 
loops. Near the wrist, the sliding bar is bent forward to form an angle of 120 degrees. 
Two webbing straps are used to fix the splint to the hand, the first (D) a two-inch web- 
bing, twelve inches long, with a two-inch buckle to be slipped through the monel strap 
retainer (b) , and to be buckled on the back of the forearm; the other (E) a one-inch web- 
bing belt, twenty inches long, and with a one-inch buckle used to fix the distal end of the 
splint. If there is any tendency for the strap to slip off, two punch holes, one-quarter of 
an inch in diameter, may be made in it to fit over the corners at the end of the splint. 
The strap may be further secured by the sheepskin lining over it, as in Figure 1. 


Traction Unit (Figs. 2,D and 3,F) . . i , 

A piece of calfskin is cut to conform to the back of the hand and the proximal pha- 
Inncres (o) The distal portion is cut longitudinally to permit four digitations the ends of 
Ihrch are sewed back on themselves (h) around medium-heaxv rubber bands (/c). The 
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length of this leather should be such that, when it is fixed by a webbing strap and buckled 
(/) around the wrist, its digital ends (h) will reach just beyond the knuckles (first in- 
lerphalangeal joints) . The four rubber bands are then fastened by means of a wire rec- 
tangular loop '{m) , one and one-quarter by three-quarters of an inch, made of one-eighth- 
inch wire, to a leather strap (n) , five-eighths of an inch wide and five finches long, with 
perforations at intervals of one-half of an inch for the buckle on the foundation splint. 
The thumb, because of its special mechanics, does not usually require traction. 

APPLICATION OF THE SPLINT AND MODE .OF ITS USE ' , 

The foundation cock-up splint is placed on the volar aspect of the arm and palm, 
with the terminal portion kept proximal to the crease in 'the hhnd (Figs. 4, 5-A, 5-B, 
6-A, and6-B), The broad webbing belt fixes the forearm part. The long narrow strap- 
ping is then applied in such a way that it will prevent the displacement of the brace dis- 
tally. This is quite important. If the brace is pulled toward the fingers, it blocks fiexion 
of the metacarpophalangeal joints. The strapping is stretched across the terminal portion 
of the brace, and then is looped around the back of the wuist in a figure-of-eight which 
crosses on the back of the hand. The buckle should be placed in such a position that it 
will not be under the leather piece of the traction unit (Figs. 5-A and 5-B) . The trac- 
tion unit is then applied in the following manner: The leather piece is placed on the dor- 
sum of the hand, and fixed in position by means of a webbing around the wrist. The fin- 
gers are then passed through the rubber bands with the leather digitations reaching just 
distal to the proximal interphalangeal joints (Figs. 6-A and 6-B). The sliding bar is ad- 
justed to a position which will permit the direction of the pull to be where desired. The 



Fia. 2 

Individual parts of the splint. A: Concave aspect of foundation splint. B: Forearm strap. C: Strap 
for fixation of palmar portion of splint. D: Traction unit. 
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strap on the other end of the rubber bands is then pulled over tins bar, andTs fixed to 
the buckle on the volar surface of the brace at the desired tension. 

' It is desirable that the brace be inspected daily so that the direction of the pull may 
be changed, and the amount of traction altered to meet the changing position of the 
fingers. It will be noted that the terminal parts of the fingers are given freedom of action, 
and the patient should be encouraged to use his fingers in full extension and flexion, when 
the brace is being worn. The use of these joints is of considerable value in restoring glid- 
ing function and necessary length to the tendons. It is desired that the splint be worn 
throughout the day, but it may be removed for short periods of time to permit the patient 
to wash his hands and to actively exercise his hand and fingers. 

The splint is intended for the treatment of extension contractures of the metacarpo- 
phalangeal joints. When used for this purpose, it may be expected to help restore flexion 
in a relatively short period of time, — from several days to several weeks. After a fair arc 



Photograph of a hand with extension contractures of the metacai pophalangeal joint* 



Fig 5-A Fig 5-B 

Pliotograplib of a “frozen’’ hand wearing the foundation --plint 
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• Fig. 6-A Fig. 6-B 

Splint assembled on hand. Volar and doisal views. 


of motion has been acquired (usually two-thirds of the normal range) , it is desirable that 
for at least part of the day the splint be removed, so that occupational therapy may be 
used. In addition, physical therapy is usually helpful at this stage of the patient’s progress. 

The successful use of the splint in fifty consecutive cases warrants its recommenda- 
tion for the specific purpose for which it has been designed. 
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CORRECTION OF POLIOMYELITIC DEFORJiIITIES WITH 
FROTHED LATEX PROSTHESES 


BY ADOLPH M. BROW'X, M.A., M.D., CHICAGO, ILLINOIS 
From The Illinois Eye and Ear Infirmary, The Vniversily of Illmois, Chicago 

In the past t^'o decades, spurred no doubt b}’- the casualties of two wars, facial pros- 
theses have come to have an established and recognized place in plastic surgerj*. As the 
public becomes accustomed to what is being done in the waj' of prostheses for the face, 
requests have come for restorations hitherto considered not only bej'ond the scope of plas- 
tic surgeiy, but also beyond the scope of prosthetics. One’s first impulse is to tell such a 
patient that the restoration asked for is not being done. But the plastic surgeon who does 
prosthetic work must realize that his office or clinic is the court of last resort for such pa- 
tients and, if he has no restoration to offer, the patient may become convinced that his 
case is hopeless. We are besieged by requests not onlj^ to restore missing parts of the face, 
but also to restore the breasts, the hand, the buttocks, the penis, and the calf of the leg. 

Small prostheses for the face can be made of solid rubber or hollow rubber, molded 
bj"- relativel}' simple techniques. Prostheses for the breast, the buttocks, and the calf of 
the leg, if made by the same technique, would be heavj’’, bulkj’-, unwieldy, and relatively 
non-resilient. Thej”- should be light enough in weight so that a relativel}^ small amount 
of adhesh^e will keep them in place, or so that no adhesive at all is necessarjL They should 
also, unlike facial prostheses, have the rebound elasticity characteristic of the organ which 
they replace. For instance, when the artificial ear is bent forward and released, it should 
spring back into place immediately, as does an ordinarj' ear. Likewise, the artificial calf of 
the leg when pressed with the finger, should rebound at the rate normal for calf tissues. 

In this paper is presented the technique of making a prosthesis which restores the 
contour of the lower limb, correcting the deformity caused^bj' atrophy of the limb. The 
deformity is usually caused by poliomyelitis, and is the result of atrophy of the muscles 
themselves. Other defects, such as shortening of the limb, ma}’- be present in the affected 
extremity. These are corrected by operation to eliminate the limp, before the patient 
presents himself for a prosthesis. Atrophy of the foot is generally untreated, except for 
stuffing the normal size shoe with cotton or orthopaedic pads to make the inside of the 
shoe small enough to fit the foot. Even after the gait is normal, the slender “broomstick” 
appearance of the affected limb attracts unfavorable attention. It is to correct the thin- 
ness of the limb that such a patient desires a prosthesis. 

The technique is as follows: The limbs are coated lightl}^ with petrolatum jelly (the 
hair need not be shaved off) . A two-piece negative impression is made in soft plaster-of- 
Paris (Fig. 2) , a mold being made of both the affected limb and the normal limb. The 
negative impressions are removed, then are reassembled, plugged at one end, and filled 
with alpha gj^psum (Fig. 4) . The negative portions are then removed and discarded. The 
patient is placed upright with his shoes on and the malleoli are identified by suitable marks 
upon the positive cast. The positive casts of both the deformed limb and the normal limb 
are mounted vertical^ on a small plaster pedestal, so that the malleoli of the normal and 
of the deformed limbs are at the same distance from the work table (Fig. 5) . The positive 
plaster cast of the normal limb is used as a model for the reconstruction of its mate. This 
eliminates numerous ifisits by the patient to pose for the sculpture of the prosthesis. With 
the normal cast as a model, sculptors’ clay is applied over the cast of the deformed limb 
and is molded to the shape required, in bold sweeping contours to match the normal limb. 
This is checked with a caliper, so that the diameters at all levels of the two casts are almo.=t 
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equal. The sculpture is so performed that the restored limb is made a little larger in all 
diameters to allow for the very slight shrinkage of the prosthesis during vulcanization. 
Once the sculpture has been completed, the clay is smoothed down with wet cotton wipes, 
and is permitted to dry smooth. It is then painted with a fine varnish. The varnish is 
applied so that, when the flask is made later, tho plaster adjacent to the sculpture will Hot 
dry at a faster or slower rate than the other plaster in the mixture. Evenness of crystalli- 
zation tends to make for a stronger cast. 

The ensemble (Fig. 6), consisting of the model of the deformed limb bearing its 
sculptured and varnished restoration, is now a core around which is built a two-piece mold. 
This is done by imbedding the ensemble longitudinally halfway into a fresh mixture of 
alpha gypsum plaster, contained in a long cardboard box. After this has hardened, a 
petrolatum, a soap solution, or a commercial separating compound is applied to the surface 
of the plaster still exposed, and the remainder of the cast is made by pouring another 
batch of alpha gypsum mixture over the ensemble, as 'illustrated (Fig. 7). This is per- 
mitted to dry for several days, since it is necessary to permit the entire cast to dry evenly 
and thoroughly in exact position for at least several days in order to prevent warping. 

When thoroughly dried, the cast is carefully pried open. The model of the deformed 
leg is removed, and the clay is washed out thoroughly. The three portions of the cast m^y 
then be "dried and reassembled (Fig. 8) . If some of the shellac, varnish, or lacquer remains 
clinging to the inside of the plaster mold, it may be removed by rubbing with acetone, 
ether, or alcohol. This gives the inside of the plaster mold the same porosity throughout. 
The reassembled mold now consists of two halves of a rather thick hard plaster shell, 

• bearing longitudinally between them a core which is a replica of the deformed limb. 

Unlike the casting procedures for the smaller facial prostheses, it is not necessary to 


construct a flue or pouring channel for prostheses of the limb. The 
prosthesis is made of frothed rubber; if it is to be made of com- 
mercially frothed or sponged rubber, it is necessary to reproduce 
the entire cast in aluminum. This may be done in an aluminum 
foundry; however, this procedure is time-consuming, tedious, and 
expensive. We now use a rubber compound which, unlike com- 
mercially frothed or sponged' rubber, does not require vulcaniza- 
tion under extreme heat and pressure. Therefore, the prosthesis 
may be processed in the original hard plaster cast. The dry mold 



witliout poliomyelitic 3 

deformity. Two-piece negative imprcs.sion disa.'.sembled. 



Fig. 4 

The bottom is 
blocked, and the neg- 
ative impression is 
filled with hard plas- 
ter-of-Paris. 
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is laid open preparatory for casting. The materials which are used for making frothed 
late.x prostheses are generally bought in the form of a latex compound or a latex com- 
pounding dispersion. Howe'i'er, for those who intend to make prostheses, a typical formula 
for a frothing stock follows: 


Parts by volume 


Rubber (ns latex, 60 per cent, solids) . 100 

Sulphur . . 2 

Zinc oxide . . 2 

Zinc mercapto benzothiazole 1 

Zinc diethj’ldithio carbamate 1 

Potassium oleate . 2 

Sodium fluosilicate . 1 


All of the above ingredients must be dispersed or dissolved in water, so as to be compatible 
with the latex. There are many other accelerators and soaps, known to the rubber indus- 


try, which could be substituted for those 
shown above, depending upon the properties 
of the latex and upon processing conditions. 
However, the compound made up as de- 
scribed requires the minimum of laboratory 
equipment and offers fewer disappointments. 

As we use the compound now, the po- 
tassium oleate or soap, the zinc compounds, 
and the sodium fluosilicate are kept in sep- 
arate containers. Tliey are combined pAly 




Fig. S 

The clay h.as been w.ished out. The 
mold, reassembled, now consists of two 
external dies and a core. 
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Fig. 5-A Fig. 5-B Fig. 6 

Fig. 5-A and Fig. 5-B: The negative easts are 
discarded, and the positive cast of the deformed 
limb (Fig. 5-A) IS mounted on its plaster base. 

Fig. 6. The miiror image of the normal limb is 
sculptured in clay upon tlie model of the deformed 
limb. This IS varnished. 



The two halves of the mold .arc filleil with 
frothed latc.\ comiiound. the core i-- replaced, 
and the mold i' a-scmbled. It is now ready for 
vulcanization. 
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when the frothing process is ready to be begun and when the mold is ready to be cast. Others 
of the ingredients may also be held out of the compound, so as to prevent premature vul- 
canization. The rubber compound, one-fifth of the volume necessary to fill the mold, is placed 
in an electric beating machine or rapid mixer, and the compound for frothing (potassium 
oleate) is added. As the beating continues, suitable colors are added to the agitated mix- 
ture. The following colors, each in a 3 per cent, ammoniated solution (since they disperse 



Pig. 10 Fig. 11 

Typical poliomyelitic deformitJ^ Note Showing the latex prosthesis, 

asimimetiy. 



Fig. 12 Fio. 13 

Prosthesis being slipped on like a stocking. Prosthesis in place. Note the syin- 

metiy of the limbs. 
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better, M'hen ammoniated) , are used, generallj' "one or two drops of red and brown for each 
ounce of rubber: 

DC Red No. 7, 

Sudan orange, RRA, 

Amido naphthol brown. 

Fast scarlet, BA. 

Beating the mixture for five or ten minutes is usuall}’’ sufficient to froth it until its volume 
is increased about five or six times. When this has been accomplished, the zinc compounds 
are included, and the mixing is continued for another 'one or two minutes to disperse the 
zinc. The sodium fluosilicate is added, and the beating continues for another minute to 
disperse it well. The frothed mix-ture, which is extremelj’- light and airy, is then immedi- 
ately poured into the mold with the core assembled (Fig. 9) , and enough excess mixture 
is added so that, when the entire mold has been assembled, the excess of the frothed rubber 
will extrude from the mold. The assembled parts containing the rubber are permitted, to 
stand undisturbed for a few hours and are then wired firmly together with stove wire or 
baling wire. The vulcanization is accomplished by immersing the cast in boiling water for 
approximately an hour and a half. ,(If an autoclave is available, the ensemble will be cured 
after approximate^ fifteen minutes in steam at 250 degrees Fahrenheit, at fifteen pounds 
gauge pressure. Vulcanization is possible in an oven, too, bnt the time will be longer be- 
cause of poor heat transfer.) Next the cast is cooled, 'either in the air or under running 
water. The parts are disassembled, but the prosthesis remains encircled about its core. 
The rubber part is now rinsed well under tepid running water, the excess water is squeezed 
out b}’- manual pressure, and the prosthesis is permitted to dry from one to two daj's at 
room temperature to finish the curing process. The rubber prosthesis is then removed from 
its core (it may be washed and dried) , the flashing is cut away, and the marks of the cast 
edges are removed with fine manicure scissors or obliterated by gentle application of a 
small revolving dental granite stone. There is generally enough shrinkage so that, vdien 
the prosthesis is put on like a stocking, it remains firmly in position. 

This type of prosthesis is extremely light in weight and is very comfortable to wear, 
possessing as it does a rebound elasticity, unlike that of prostheses for the face. Pressed 
or indented with the thumb or fingers, the surface rebounds in almost exactly the same 
way as does skin. When stockings are worn, the deformed limb cannot be detected by 
casual inspection. 

The colors used for these prostheses are different from those emploj’’ed in other pros- 
theses. Since this air-frothed rubber is heat-'v-ulcanized, the coloring materials must be 
not only alkali-fast, and sun-fast, but also heat-resistant. 

One has only to see the gratitude shown by patients who are gi^’en prostheses of this 
type to restore deformities of the lower limb to realize that' such prostheses have a real 
place in the field of plastic surgical prosthetics. 
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A MODIFICATION OF THE DENIS BROWNE SPLINT 


BY CARL C. CHATTERTON, M.D., ST. PAUL^ MINNESOTA 

AND 

JACK BLAISDELL, M.D.^ ROCHE.STER^ MINNESOTA 
From Ihe DeparhnenL of OrUiopaedic Surgery, Mayo Clinic 

The correction of congenital talipes equinovarus is admittedly a problem. The use 
of the Denis Browne splint has been the simplest solution in most cases. No matter what 
method or combination of methods is used to obtain a corrected position, however, the 
process of correction is only partially complete, for there still remains the problem of 
maintaining the feet in the desired jiosition of overcorrection for a considerable period, 
often years. 

The writers wish to describe their 
modification of the Denis Browne 
splint, the use of which has several 
advantages, both to the patient and to 
his attendants. It consists of a trans- 
verse steel rod about five-eighths of an 
inch (1.6 centimeters) in diameter, 
and is a length suitable for the size of 
the patient. To each end of this rod is 
welded a clamping mechanism which 
grips the soles of the shoes in tlie man- 
ner illustrated, much like roller or ice 
skates. In addition, posterior T straps 
are incorporated into the sole clamps. 
These straps are laced around the pa- 
tient’s ankles with regular shoe laces. In many cases these T straps may not be necessaiy, 
but they tend to prevent recurrence of equinus deformity. 

This splint has the following advantages: 

1. It can be applied to shoes so that the corrective effect the patient recei-v^es from 
his shoes during periods of Aveight-bearing is continued by the splint during non-Aveight- 
bearing periods. 



Details of splint attached to shoes. 



Fig. 2 

The splint undamped from shoes. 
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Fig. 3 


A patient witli the shoes and splint applied. 

2. There are no projections on the under surface of the splint, so that the patient 
can stand up in his crib without puncturing or ripping his bed- clothing. 

3. Only one pair of shoes is required at a time: an important economic feature, since 
the shoes can be used for ordinary walking or standing when detached from the splint. 

4. The splint is easily made, and can be applied and removed in only a few seconds, 
so that its use does not involve any great trouble to the patient’s parents or attendants. 

The usual way in which the writers employ their modification of the Denis Browne 
splint is to use it continuously with the patient’s shoes reversed, until the infant begins to 
stand and walk. Then the shoes are worn on the correct feet, and a lift is incorporated 
into the lateral sides of the heels and soles of the shoes so that, when the patient is bearing 
weight, his ankles are thrown into slight valgus position. Then, during morning and 
afternoon naps as well as at night, the splint is applied and continues the corrective effect. 
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A THIRD ROUTINE X-RAY EXPOSURE OF THE ANKLE JOINT 

BY R. S. SIMON, M,D., JERUSALEM, PALESTINE 


It has long been the practice to take the anteroposterior and lateral views in roent- 
genograms of the ankle. These projections may not always show clearly all bone lesions 
in the fibula. To obtain an oblique view of the lower part of the fibula, a special exposure 
is necessaiy. In Figures 1-A and 1-B the lateral malleolus is on the side of the film; the 
heel is raised four centimeters, and the picture is made, with the central ray directed from 
. behind at an angle of 30 degrees. 

This oblique projection shows fractures of the fibula (Fig. 2-C) which might not be 
clearly visible in the usual lateral vieiv, because the shadow of the fibula is obscured by 
the shadow of the tibia. While the technique described is not original, its routine use 

would ensure more accurate diagnoses. 



Fig. 1-A Fig. 1-B 

Position of foot for .\-ray, with door-stop under Position of third routine exposure, 

os calcis. 



Fig. 2-A Fig. 2-B Fig. 2-C 

Three exposures of ankle joint. The special e.xposure (Fig. 2-C) shows the real e.xtent of fracture. 
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AN EASY AND ECONOMICAL METHOD OF MAKING REMOVABLE CASTS 

BY M. LATJREXS ROWE, M.D., CIKCIXXATI, OHIO 

From the Orthopaedic Department oj the College of Medicine of the University of 
Cincinnati, arid the Orthopaedic Service of the Cincinnati General Hospital 

Rigid splints and supports of various t 3 'pes, which can easily be removed, are fre- 
quentty desirable in the management of orthopaedic problems. Bivalved plaster casts can 
be used for intermittent immobilization of the extremities, but thej"- often pinch and bind 
or slip out of position, and they are inadequate for neck or trunk splinting in the ambu- 
latory patient. 

A method, used bj'^ the staff of the 297th General Hospital for the application of lum- 
bar bodj’- jackets, which involves the incorporation of strips of used x-raj^ film into ordi- 
narj’- plaster casts, has proved to be economical and efficient.^ This simple technique of 
making circular plaster casts for the bodj'' has been applied to casts for the neck or the ex- 
tremities, at the Cincinnati General Hospital, and these have been found to be sufficient!}^ 
flexible to permit removal and reapplication without cracking. 

The cast is applied snugly over stockinette without sheet wadding, and is carefulN 



Fig. 1 

Cervical spine collar opened from behind, 
to demonstrate circumferential flexibility. 



Fig. 2 

Lumbar body jacket opened to illustrate 
flexibility. 


molded over bonj”^ prominences. Strips of used x-raj’’ film are laid between the laj^ers of 
plaster in a generally circumferential direction at varjdng angles to give roughh- uniform 
distribution throughout the cast. Strips, two inches wide and twelve inches long, are most 
convenient for the larger bodjr casts, and strips, six inches bj' one inch, are used in the cer- 
vical spine collars and in casts for the extremities. In the usual lumbar body jacket, for 
instance, five to seven rolls of six-inch plaster and twelve to fourteen strips of x-raj' film 
are used, making a cast about a quarter of an inch thick. Comparable amounts of plaster 
and x-ray film are emplox^ed in the other casts. 

A narrow strip of felt is placed under the stockinette along the line on whicii the cast 
is to be cut for removal. After the plaster has set, the cast and stockinette are cut along 
the felt strip and are removed bj’ spreading. The cast is then bound back into its original 
shape with gauze bandage to prevent warping, and is dried for twentx’-four hours. The 
cut edges are taped, and the cast is fitted with straps and buckles. The completed cast is 

'A Removable Plaster of Pans Back Support. (News and Comment) Bull. L'. S .Army Med. 
Dept., LXXIX, 11, 1944. 
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rigid in its long axis, but sufficiently flexible in a circumferential plane to permit easy re- 
moval and reapplication without cracking the plaster. 

It is felt that this type of cast embodies all the advantages of the celluloid jacket and 
offers, in addition, simplicity of application and extreme economy. It may often be used in 
place of formal braces and appliances where, for one reason or another, these are unobtain- 
able. 


A SIMPLE GUIDE PIN FOR THE INS-ERTION OF DEVICES OF INTERNAL 
' FIXATION INTO THE FEMORAL NECK 

BY M. LAURENS ROWE, M.D., CINCINNATI, OHIO 

From the Orthopaedic Department of the College of Medicine of the University of 
Cincinnati, and the Orthopaedic Service of the Cincinnati General Hospital 

To determine the proper length and angle of insertion of the nail or other fixation de- 
vice used in fractures of the neck of the femur, a simple modification of the Steinmann 
pin, as shown in Figure 1, may be employed. Beginning at the pointed end of an ordinary 
Steinmann pin, slots have been filed at half-inch intervals for a distance of five inches. 
Each slot extends halfway through the thickness of the pin, so that a clear roentgeno- 
graphic image may be obtained. At a distance of five inches from the point is a one- 
inch oblique offset, the angle formed between the offset and the long axis of the pin being 
125 degrees, an approximation of the normal angle between the femoral neck and shaft. , 

The fact that the offset makes an angle of 125 degrees with the long axis of the pili 
is a helpful check feature since, when properly inserted, the offset lies parallel to the shaft 
of the femur. The slots indicate the correct length of the fixation device to be employed. 

The pin is inserted through a drill hole in the cortex, and the angle of the femoral 
neck is determined by gentle palpation of the medullary cavity, after the metliod of Wat- 
son-Jones. 

The marker pin may be inserted at the base of the greater trochanter, and the nail or 
other fixation device is then driven parallel to and just below it in optimal position. Or 
the nail may be driven into place in actual contact with the guide pin, superiorly or interi- 
orly, anteriorly or posteriorly, according to the indications of the check roentgenograms. 

Turning the offset away from the side on wliich the nail is to be inserted provides 
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Fic 1 

Photogiaph of the guide pm. 



Fig 2 

The guide pin has been inserted lelatively high in tlie femoral neck. A Smith-Petersen nail 
has been introduced below and parallel to the guide pin in optimal position, and has been 
driven partially into place. The offset is turned away fiom the nail to provide adequate space 
for the nail and its driver. 


ample space for the driver and, since the measured slots are on the same side of the pin 
as the offset, affords a smooth surface of pin along which the nail may be driven. 

After the nail, blade, or other fixation device has been driven, the marker pin is eas- 
ily withdrawn with a hand chuck, and final impaction may be carried out and check 
roentgenograms taken. 

The pin combines the advantages of an adequate direction finder, an accurate internal 
measuring instrument, and a direct and solid guide for the driving of most devices of inter- 
nal fixation, designed to be inserted into the femoral neck. 
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W. A. COCHRANE, F.R.C,S. EDIN. 

1893-1944 

William Alexander Cochrane died at the age of fifty-one in Edinburgh, on November 30, 1944. He 
is survived by his wife, and a j^ung son and a daughter. 

A native of Edinburgh, he received his education at Daniel Stewart’s College and at Edinburgh 
University where he received the degrees of Bachelor of Medicine and Bachelor of Suigeiy in 1915. 
Thereafter, as a battalion medical officer, he saw service in France and Flanders, where he was wounded. 
The wound, a compound fracture of the leg, required active treatment for nearly two years, and this cir- 
cumstance was largel}’- responsible for turning his thoughts toward orthopaedic surgery. During the lat- 
ter part of his treatment he was in Bangour Hospital, a temporary military hospital located near his 
native cit 3 % and here later he acted as house surgeon. The Orthopaedic Staff of the Hospital consisted 
of British and Ameiican surgeons, under the immediate direction of Sir Harold Stiles and the more dis- 
tant control of Sir Robert Jones in his capacity of Inspector of Mihtarj^ Orthopaedics. His association 
with these two great leaders made an indelible impression upon Cochrane, and from that time he de- 
termined to devote his life to the studj’-, tlie practice, and tlie furtherance of orthopaedic suigery in 
Scotland. 
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After a peiiod of study at Continental clinics, he went to the United States of America, where he 
acted as a tempoi.ar 3 ’ assistant in orthopaedic surgerj at the Mas'^achusetts General Hospital in Boston 
Cochrane used to lefer to Boston as his second spiritual home, and eeitaml}' he owed an immeasurable 
debt to the inspiring teaching of Dr Joel E Goldthwait and Di Robeit B Osgood, especially in the 
sphere of medical orthopaedics 

He returned to Scotland in 1921, and took the Fellowship of the Roj'al College of Surgeons of Edin- 
burgh At the Rojal Infiimaij^ he acted first as Clinical Tutor in the Clinic of Piofessor Sii Harold 
Stiles, and later as As-i&tant Suigeon in the Clinic of Professor Sir David P D Wilkie While his 
primarj' inteie^ts remained in oithopaedic suigerj', during the tenure of these offices, he had an excel- 
lent opportunity of obtaining a wide experience in general surgerj-^, which he alwajs maintained was an 
essential part of the training of an orthopaedic surgeon 

Later he became Associate Assistant Surgeon in Orthopaedics at the Ro 5 'al Infirmarj’, and Lec- 
turer on that subject m Edinburgh Unnersity The Edinburgh Orthopaedic Clinic and the Edinburgh 
Foot Clinic owed much to Ins service and practical help In 1934 he plaj'ed a veij' active part m the 
founding of the Princess Margaret Rose Hospital foi Crippled Children, of which he was the Surgeon- 
m-Charge This Hospital was the first Orthopaedic Hospital built in Scotland Its extension was cur- 
tailed by the outbreak of hostilities, but, by that time, Cochrane had the satisfaction of seeing the Hos- 
pital well established, with a netwoik of major and minor clinics coi ering the southeastern legion of 
Scotland. During the War, Cochrane acted as surgeon to the Emergency Medical Seriice, and was a 
Consultant Orthopaedist to the southeast area of the Scottish Command 

In addition to his hospital appointments, Cochrane acted on many committees, and his advice was 
frequentlj' sought and willingly given on all matters relating to cripples He was a member of the com- 
mittee responsible for the Delevingne “Interdepartmental Repoit on the Rehabilitation of Persons In- 
jured by Accidents”, a member of the National Advisorjf Council for Scotland on Phj’sical Training 
and Recreation, a member of the Council of the British Orthopaedic Association and of the Scottish 
Orthopaedic Council For iwehe j'ears he was Assistant Honorarj' Secretarj to the Edinburgh Branch 
of the Bntish Medical Association, and, at the Annual Meeting of the Association in Winnipeg in 1930, 
acted as vice-president of the Section of Orthopaedics He was the author of a textbook on “Ortho- 
paedic Surgery” in 1926, and, jointb" with Philip D Wilson, of “Fractures and Dislocations” in 1925 
His contributions to the literature on a wide varietj' of subjects were distinguished b 3 their clarit 3 % sim- 
plicity, and authorit 3 ' 

Big, breez 3 % and downright, Cochrane had man 3 ' interests outside his profession A scratch golfer, 
he was well known and popular on the golf courses of Edinburgh and East Lothian His enthusiasm 
for the game and his skill did not dimmish with the 3 ears His tall, striding figure and jovial laugh will 
be missed at the Association golf meetings 

Cochrane was outstanding m the broad view' he took of his specialt 3 ' He deprecated the tendencv 
of regarding the orthopaedist principally as an operating surgeon He was enthusiastic in his adiocaci 
of medical orthopaedics, and, as an exponent of sound bod 3 ' mechanics, he maintained that the ortho- 
paedist’s field included the supervision of general ph 3 'sical education fiom mfanc 3 ' One of his fiequent 
remarks was that one could not deriie full satisfaction from an 3 reconstiuctn e operation, howeier sut- 
cessful, unless one could be sure that ever 3 ' opportunit 3 ' had been first pioiided for the patient to a\oid 
the operation b 3 ' adequate primary' treatment To his mind the ultimate aim of the orthopaedist was 
preientue medicine 

A pioneer m the Scottish orthopaedic field, Cochiane’s loss will be wadel 3 ’ felt, especiall 3 m the-e 
da3s of change in medical politics and seiiices, but by his skill, road3 S3mpathv, enthusiasm, single- 
mindedness, and hard work he has done much to adiance his specialt 3 ', and has built a foundation on 
which much that he worked for will sureR' use 
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SAMUEL CLIFTON BALDWIN 
1855-1944 


Dr. Samuel Clifton Baldwin, of Salt Lake Citj% died on October 19, 1944, at the age of eighty-nine. 
One of the pioneers of orthopaedic surgciy in the Far West, he was the first to specialize in orthopaedic 
surgery in Utah, and one of the best loved ph.vsicians in his State. 

At the age of sixteen, upon the death of his father, Dr. Baldwin was faced with the problem of sup- 
porting his famil 5 ^ Although he was forced to leave school for a time, by dint of hard work and sacri- 
fice, he entered the Louisville Medical College in his home State of Kcntuck 3 ’^ in 1881. He was gradu- 
ated in 1884, and after ten 5 '’ears of practice, he went to Salt Lake Cit}'. 

His work throughout the State was of a highlj’- constructive nature. For many 3 mars he was Chief 
of the Primary Children’s Hospital in Salt Lake Cit 3 '. He held membership in the Salt Lake County 
and Utah State Medical Societies. He was active on the 'staffs of the Dr. W. H. Groves Latter-Day 
Saints Hospital, Hol 3 '^ Cross Hospital, and the Salt Lake Count 3 ^ General Hospital. Recently he re- 
ceived the honorary degree of Doctor of Science from the Universit 3 '^ of Utah, of whose Board of Re- 
gents he was a member, in honor of his work as a ph 3 'sician in Utah. 

In 1903, Dr. Baldwin became a member of The American Orthopaedic Association, and he held 
membeVships as well in The American Academ 3 ' of Orthopaedic Surgeons and the American Medical 
Association. During Woi'ld War I, he ser\-ed as Lieutenant Colonel in the Arm 3 " orthopaedic depart- 
ment, and although he sought active service in 1942, he was barred because of his age. 

Dr. Baldwin is survived b 3 ' a son, Albert B. Baldwin, and a sister, Mrs. Lillie B. Re 3 molds of 
Louisville. 


CARL THORBURN HARRIS 
1891-1945 

Carl Thorburn Harris, one of the leading orthopaedic surgeons and teachers in central New York, 
died at his home in Honeo 3 m Falls on April 17, 1945. 

Born in Rochester, Dr. Harris received the Bachelor of Science degree from the Universit 3 ’ of Roch- 
ester in 1912, and then went on to the Harvard Medical School, where -he was graduated with the de- 
gree of Doctor of Medicine in 1916. After a two-year period as surgicakintern' at the Boston Cit 3 ’^ Hos- 
pital, he served overseas with Base Hospital Number. 7, as an orthopaedib surgeon. He was a First 
Lieutenant in the Medical Corps. 

At the close of the War, Dr.' Harris returned to his native cit 3 ', -and became a 'teaching fellow in 
surgical patholog 3 ^ at his alma mater. He later was an Instructor, Assistant Professor, and Professor of 
Orthopaedic Sprgery at the.Universit 3 '^ of Rochester School of Medicine. He was active in medical circles 
in Rochester, serving as Chief of the Orthopaedic Service, Genesee Hospital; Consultant in Orthopae- 
dic Surger 3 % lola Sanatorium and Monroe Count 3 ' Hospital; and Attending Orthopaedic Surgeon, High- 
land Hospital. He was an Associate Visiting Surgeon at the Rochester General Hospital. 

Dr. Harris was a Diplomate of The American Board of Orthopaedic Surger 3 ', and a member of The 
American Orthopaedic Association, The American Academ 3 ’^ of Orthopaedic Surgeons, and the Ameri- 
can Medical Association. 
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Essentials of Bodv Mechanics in Health and Disease. Joel E. Goldthwait, M.D., FA.CJS., LLD.; 

Lloyd T. Brown, MD., F.A.C.S.; Loring T. Swaim, MD.; John G. Kuhns, MD., F.A.C.S. With a 

Chapter on the Heart and Circulation as Related to Bod 3 ' Mechanics bj'^ William J. Kerr, MD., 

FA.C.P. Ed. 4. Philadelphia, J. B. Lippincott Companj% 1945. S5.00. 

The appearance of a new edition of Bod 3 ' Mechanics is particularly timeb', in view of the present 
concern with ph 3 ’sical fitness. This is the standard book on a basic subject of significance to all branches 
of medicine. The new edition was prepared in order to make the subject clearer, and to present it more 
concisel 3 ^ Body mechanics pla 3 ’S an important role in the prevention and cure of a great variety of 
diseases and disorders. It also is important in the palliation of the diseases of older persons. For this 
reason a chapter on geriatrics has been added. 

The relation between form and function ought not, at this late date, to require either demonstration 
or defense. But it is unfortunately apparent that, in its application to h 3 'giene and to the care of the sick, 
this principle does not receive its appropriate share of clinical attention. It is to be hoped that the 
appearance of this new edition will serve to promote a greater reahzation of the importance of bod 3 '’ 
mechanics, and a wider application of the principles so forcibly presented. 

In furtherance of the development of the 3 'oung, in the maintenance of health in the adult, and in 
the prevention and palliation of the degenerative diseases of the elderl 3 ', bod 3 ' mechanics assumes vast 
proportions. 

Because of these considerations, it is desirable that this well written and clearl3’’ illustrated book 
should reach a wide circle of students of all ages. Internists will find particular^' revealing the sections 
dealing with the S 3 'mpathetic nen-ous S3’stem, the circulatory S3'stem, and the joints. The relation be- 
tween posture and physiological disturbances is clearl3’ shown and the appropriate postural treatment is 
concisely outlined. 

Doctors at War. Edited by Morris Fishbein, •M.D. New York, E. P. Dutton & Compan 3 '', Inc., 1945. 

S5.00. 

In “Doctors at War”, there have been collected the medical accomplishments of Service doctors on 
every far-flung battle front. The sixteen foremost authorities responsible for the organization of our War- 
time Medicine have wwitten their own exciting accounts of what each branch of the Sendee has accom- 
plished. In General Hawley’s account, we learn how doctors in the European Theatre of Operations 
prepared for D-Day. Admiral Meintire writes of the duties of the Nai'y medical personnel, while at 
sea and under action. 

Sharing the responsibility in a less exciting but nonetheless invaluable wa 3 ', have been the doctors 
on the home front. Their services to the civilian in his home, and to the laborer in the factor 3 ', are given 
well-deserved praise. There are also interesting accounts of the medical side of Selective Service, preven- 
tive medicine as carried out by the Army, the United States Public Health Service, the Veterans Admin- 
istration, and the Red Cross. 

One of the paradoxes of war is that out of all the suffering, bloodshed, and death come medical dis- 
coveries which do much to advance the future welfare of mankind. During World War I, influenza was 
almost as deadly an enem 3 ' as enemy gunfire. Since then our doctors have isolated the responsible virus, 
and the disease is kept under control b 3 ’’ drugs and vaccines. At present in the Arm 3 ', the Bureau of Pre- 
ventive Medicine includes some of the greatest experts in medicine, and the 3 ' are dealing with respirator 3 ' 
diseases, air-bome infections, epidemics of all kinds, virus diseases, and tropical diseases. With war as the 
impetus, the medical knowledge and experience gained b 3 ' our doctors has been tremendous. The records 
of lives of wounded men saved in the Arm 3 ’, Na\- 3 -, and Marine Corps in World War 11, as compared to 
World War I, is a hopeful indication of what medical and scientific progress can achieve in the peace 
which will follow. 

Morris’ Human Anatomy. A Complete System.atic Tre.atise. Edited b 3 ’ J. Parsons Schaeffer, A.M., 

MD., PhD., ScD. Ed. 10. Philadelphia, The Blakiston Compan 3 ', 1943. S12.00. 

There have been some changes in the list of contributors to the tenth edition of Morris’ Human 
Anatom 3 '. Some of the new contributors are: J. C. B. Grant, who has written the section on The 
Musculature; Bradley M. Patten, whose section covers The Cardiovascular S 3 ’stem; Harold Cummins, 
VTiting on The Skin and Mammar 3 ' Glands; and Olof Larsell, and C. M. Jackson, editor of former editions 
of this book, describing The Digestive S 3 ’stem. Other sections include Developmental Anntom 3 ', b 3 ' 
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Richard E. Scammon; Osteology, and The Articulations, by Robert J. Terry; The Lymphatic System, 
b 3 ’' EHot R. Clark; Special Sense-Organs, by Leslie Brainerd Arey; The Respiratory Sj'stem, by J. Par- 
sons Schaeffer, editor of this volume; Urogenital Sj^slem, by Eranklin P, Johnson; and The Glands of 
Internal Secretion, bj" J. F. Gudernatsch. 

Each of the several sections has been revised and brought into line with accepted thought, and some 
have been extensively rewi’itten. There is an orderly presentation of each subject, and throughout 
reference is made in convenient places to the clinical aspects and relations of the systems being discussed. 
Many new illustrations have been added. The section on Developmental Anatomy appears in entirely 
new form, with extensive use of laboratory illustrations. 

The plan followed in the editing of the book should be of particular value to the student. A biblio- 
graphic reference list is given at the end of each section. A complete index of the volume is included. 


Rentgenodiaonostica povbejdeniy kostey I sosTAVov (The Roentgenographic Diagnosis of Bone and 

Joint Injuries). G. A. Zedgenidze. Moscow, Medgiz, 1943. 

The book contains 315 pages, of which nineti’^-four pages, at the end of the book, represent a small 
atlas of illustrations. The introductory part considers the general problems of x-ray examination in 
traumatic injuries of bones and joints, normal and injured bone in the process of regeneration, peculiari- 
ties of fractures in children and in old people, general technique, and especially x-ray examinations in 
circumstances of war. 

The second part of the book describes the roentgenographic diagnosis according to regions of the 
skeleton. The book is written in Russian. 

The whole subject is treated conoiselj’- and, despite the comparatively small size, is well balanced. 
The illustrations are fairly well reproduced. 

Textbook of Surgical Treatment Including Operative Surgery. C. F. W. Illingworth, M.D., Ch.M., 

F.R.C.S.E., Editor. Ed. 2. Baltimore, The Williams and Wilkins Company, 1944. S9.00. 

Throughout the book, emphasis is laid on the preoperative and postoperative care of the patient, as 
being as important as the operative treatment. 

This second edition contains a newly written chapter on “The Treatment of Burns”. 

Affections of blood vessels, skull and brain, spine and spinal cord, peripheral nerves, bones and joints 
are considered by systems and in later chapters they are taken up by regions. Amputations, fractures, 
tuberculosis of bones and joints are discussed in special chapters. The subject matter is well presented 
and well illustrated. The latest methods of treatment are well summarized. 

The various chapters have been written by different surgeons. Each one has presented his own per- 
sonal ideas, and it is surprising that the editor has accepted some of them. In writing of the treatment 
of cancer of the breast, the statement is made: “Since recurrence of carcinoma in the skin can readily be 
prevented by X-ray therapy, it is no longer customary to remoi’e a large ellipse of skin and consequently 
difficulty in closing the wound is rare”. The reviewer suggests tliat, at least in the United States, this is 
untrue, and that it is vicious teaching. If British x-ray therapy is so efficient, why should not the timid 
surgeon forego operating at all, and let the radiologist treat the patient? 


Tratamiento de LOS Traumatismos del Carpo (Fracturas y Luxacionbs) [Treatment of Carpal Trau- 
matisms — Fractures and Dislocations.] Jose A. Sgrosso. Buenos Aires, Aniceto Lopez, 1944. 

This booklet of slightly over one hundred pages is based upon the author’s observations of 228 cases 
of injury to the carpus. The work is divided into two main portions. The first deals briefly with the 
anatom}', the physiology, and the radiology of the bones of the carpus. In discussing the ph 3 ''siology of 
the wrist, the movements of each of the carpal bones in the various wrist motions are described. Atten- 
tion is called to the fact that the scaphoid is an intrinsic part of both rows of carpal bones, and that its 
proximal portion governs the pro.ximal carpal row, and its distal portion, the second row of bones. In 
discussing radiology, the author stresses the desirabilit}' of taking other than the standard anteroposterior 
and lateral views. The oblique view, with the wrist in 45 degrees of supination, is especially valuable for 
examining the pisiform and cuneiform bones and the unciform process. The oblique view, with the wrist 
in 45 degrees of pronation, is valuable for study of the scaphoid. 

The second and larger part of the work is dedicated to a rapid review of the fractures and disloca- 
tions of the various bones of the carpus. In this recital, lesions of the scaphoid and the perilunar dis- 
fire naturally given the most consideration. In general, the author’s practice seems to be domi- 
S “ ti>e Torts of America nod French snrecons rvhicl, hnve .Irendy been poblishod. 

Unfortunately, little attention is paid to the malaciae, osteoporose.s, and other sequelae of injuries 


of ^ yggfyl function in affording a quick and an accurate review of the subject with 

. fairb eatwaotory bibliography for those who wash to pursue the subject further. 
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Kunika Septicheskich osLOjKENiy oGNESTRELXiKH RAK (The Clinic of Septic Complications of Shot- 
gun Wounds). A. V. Melnikov. Moscow, Medgiz, 1943. 

The book is written in Russian. It is divided into two parts. The first is dedicated to general pa- 
thologj', classification, and diagnosis. The second section is devoted to specific problems in the clinical 
course in definite regions, and to treatment. 

The book is of interest, as it apparently presents an approach to the problem of septic infections, 
used by a large group of surgeons in the UR.S.R., and especialb' by the author. 


Camping foe Crippled Children. Edited b 3 ’ Hariy- H. Howett. Elj'ria, Ohio, The National Society for 

Crippled Children and Adults, Incorporated, 1945. 

This small volume encourages the universal hope that one day all phj'sicalb’’ handicapped children 
will have the same rights and privileges enjoj'ed by phj'sicallj' sound children. Although the struggle is 
a hard one, and the odds are great, the Societj'’s records show that the camp movement has grown from 
five camps serving 200 children in 1920, to fiftj'-six camps sendng 3,518 children in 1944. 

The National Society for Crippled Children and Adults, recognizing the benefits to be gained by 
children in summer camps, feels that the special needs of handicapped children can best be met in camps 
devoted entirelj' to them. The Societj’’s aims and objectives are clearb' set forth. From the choice of a 
camp site to the careful selection of therapists and technicians, eveiy effort is directed toward helping 
the crippled child to feel at home in a natural atmosphere, with not the slightest hint of hospital or 
institution. Stress is laid on a normal life of out-of-door fun, social adjustment, and development of 
character. 

Plans for organization of such camps are set forth in complete detail, and to each chapter there is 
appended a bibliographj’ for the reader seeking more specific information. 

Medical Uses of Soap. A Symposium. Edited by Morris Fishbein, M.D. Philadelphia, J. B. Lippincott 

Company, 1945. $3.00. 

This symposium of articles about soap discusses soap technology, including the chemistry of soap, its 
manufacture, the new detergents, and detergency or cleansing action; the usual or normal effects of soap on 
the “normal” skin; its unusual or abnormal effects on the “normal” skin; the effects of soap on the abnormal 
or diseased skin; its effects on the hair; soaps for industry and the industrial worker; soap for shaving; cu- 
taneous detergents other than soap; and the medical uses of soap. 

Nine authors besides Dr. Fishbein have contributed to this symposium. Bibliographies are given for 
further study concerning the effects of soap on the abnormal or diseased skin; soap for shaving; cutaneous 
detergents other than soap; and the medical uses of soap. 


American Medical Practice in the Perspectives of a Century. Studies of the New York Academy of 

Medicine, Committee on Medicine and the Changing Order. Bernhard J. Stem, Ph.D. New York, 

The Commonwealth Fund, 1945. SI. 50. 

The author discusses the change within a centurj' from a rural to a predominantly urban societj’, vith its 
concomitant luxuries and conveniences, and what it has meant to medical practice. He contrasts the aids to 
diagnosis and treatment available to the physician today with the meager equipment of the doctor of the 
nineteenth century. The gradual growth of medical practice during this period is traced. 

Some of the problems considered include the position of the speciaUst in medicine and that of the general 
practitioner; trends in the supply and distribution of phi'sicians; the patient load’ in medical practice; the 
income of physicians; the distribution of medical services; and the effect of recruiting on the supplj’ of ph 3 'si- 
cians in ci-vilian areas. 

This short survey gives man 3 ' useful statistics and should prove interesting to the reader who ivishes a 
comprehensive picture of the present field of medical practice. 


Beer Meniscusganglien (Cysts of the Menisci). Helge Sjovall. Acta Chinirgica Scandinavica, LXXXVII, 

561, 1942. 

The writer collected twelve cases of C 3 'sts of the menisci over a twent 3 '- 3 'ear period. In ten cases the 
diagnosis was verified b 3 ' operation. Seven were in males and five in females. The ages varied from five 
to sixty'-seven. In five cases, the lesion was of the medial, and in seven, of the lateral meniscus. In addi- 
tion, the writer collected 358 cases from the literature. 

From the combined material, he concludes that the lesion is a In-perplastic formation, caused by 
minor injuries or normal wear and tear of the cartilage tissue. The results with operative removal of the 
C 3 ’st and the cartilage were good. In some of the patients, only' the cyst was removed, and these cases 
were symptom-free at the time of the follow-up examination . — Walter P. Blount, MJ)., Milicauhce, 
Wisconsin. 
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Studies on Reconstructive and Stabilizing Operations on the Skeleton of the Foot with Special 
Reference to Subastragalar Arthrodesis in the Treatment of Foot Deformities Following 
Infantile Paralysis. Snorri Hellgrimsson. Acta Chirurgica Scandinavica, LXXXVIII, Supple- 
mentum 78, 1943. 

In. order to determine the effect of different stabilizing and reconstructive operations on the foot in 
the treatment of foot deformities resulting from infantile paralysis, and of congenital club-foot in adults, 
all the traceable patients were subjected to follow-up examinations. These patients had been treated 
by cuneiform tarsectomy, subastragalar arthrodesis, and panastragalar arthrodesis for these deformities 
at the Stockholm Orthopaedic Clinic between 1928 and September 1941. Treatment included 100 sub- 
astragalar arthrodeses, and fifteen panastragalar arthrodeses for infantile paralysis. There were nineteen 
congenital club feet treated by subastragalar arthrodeses, and twenty by cuneiform tarsectomy. Thirty- 
three feet, paralyzed as a result of poliomyelitis, were treated by cuneiform tarsectomy. The results are 
tabulated. 

The results with cuneiform osteotomies were not so good as those obtained with the other operative 
method, because of recurrence due to incomplete correction of the deformity at the operation. Cunei- 
form osteotomy is indicated in only the isolated deformity of the mid-foot or forefoot in which muscle 
balance can be obtained by tendon transplantation. Failures of subastragalar arthrodesis were due to 
one or more of three factors; incomplete correction of the deformity at the operation; imperfect bone 
consolidation; and defective stability of the ankle joint. 

Out of 100 eases of subastragalar arthrodesis, twenty showed imperfect bony union in one or more 
joints. In four of these, the deformity had recurred. In one there was severe pain due to the pseudar- 
throsis between talus and navicular. In the remaining patients a firm fibrous ankylosis had occurred, 
and the non-union was of no consequence. The three factors of most importance in obtaining bone 
fusion are ; adequate age of the patient ; the operative technique ; and the duration of the effective im- 
mobilization. Arthrodesis should not be performed on a patient under eight years of age, and-the writer 
recommends postponing it until the age of fourteen, if possible. The operative technique should include 
the removal of all cartilage and compact bone, so that good contact is obtained between spongy bone 
surfaces. Any gap should be filled with bone chips. Immobilization should be continued for ten weeks 
or more. Of forty feet immobilized for eight weeks or less, 47.5 per cent, had incomplete bony consolida- 
tion. Out of ninety-one feet immobilized for ten weeks or longer, there were only 7.7 per cent, with 
imperfect fusion. If roentgenograms fail to show union at the end of the period of immobilization, 
immobilization should be extended for another month. 

Panastragalar arthrodesis is indicated when there is, in addition to the indication for subastragalar 
arthrodesis; (1) marked lateral instability of the ankle, (2) degenerative arthrosis of the ankle joint, or 
(3) irremediable paralysis of the quadriceps femoris combined with paralysis of the foot. The writer 
prefers the lateral approach of Guildal which’ is presented in detail. The foot should be placed in 15 to 
20 degrees of equinus in most cases. End results of fifteen cases of panastragalar arthrodesis are carefully 
analyzed. Eight were good and seven, improved. Three, with tender calluses on the balls of the feet, 
showed malposition. 

This monograph on stabilizing operations is notable also for its historical review, its consideration 
of foot mechanics and anatomy, the bibliography, and the splendid translation into English by Grace 
Lundberg. It should be studied by every young orthopaedic surgeon.—Walter P. Blount, M.D., Mil- 
waukee, Wisconsin. 


Nailing in the Marrow^ Cavity in Cases of Recent Fracture and Pseudarthrosis. Anders Westerborn. 

Acta Chirurgica Scandinavica, XC, 89, 1944. 

In 1940, Kuntscher first publicly presented his method of fracture fi.xation with a medullary pin, 
V-shaped in cross section. Since then, the method has been widely used in Germany. The writer presents 
the results in twenty-eight cases with fourteen fresh fractures and fourteen non-unions. The latter were 
mostly from gunshot wounds in Finnish soldiers. 

The principle of the method is that of firm internal fixation, following reduction by either open or 
closed methods of the transverse, spiral, or oblique fractures of long bones. The nail is driven in from 
an incision far from the site of the fracture. Because the nail is V-shaped, it produces firm fixation with- 
out occupying much of the marrow cavity. Several sizes are necessary. In the case of the femur, the 
nail is inserted through the greater trochanter without further preparation of the cortex. For other long 
bones it is necessary to make a suitable hole. The writer suggested preliminary insertion of a IGrschner 


vire as literature the writer finds widely divergent opinions as to indications. Most surgeons, 

' TinVilpr acree that the method was useful in gunshot fractures of the long bones. A few were 

enthusias^^^ about the use of the method in most fresh fractures particularly in older people, in whom it 

P^™TL^writer“rSorts°the best results in fractures of the femur. Here the method offers the greatest 
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benefit. Difficulties were encountered in fractures of the tibia. In the forearm, when the radius was nailed, 
it was still necessary to apply a plaster cast. Westerbom lists the advantages of nailing in the marrow 
ca\'ity: 

1. Shortened stay in bed ; 

2. Simplified treatment — no extension; 

3. Reduced pain and other subjective troubles; 

4. Less risk of stiff joints, muscular atroph 3 ’, and circulatory disorder; 

5. Ko postoperative phj'sical therapj’’; 

6. Shorter hospital sta 3 ’ and probable earlier return to work. 

The risks are recognized. Two cases of fat embolism have been reported. The likelihood is not 
great. There is apparentl 3 ’’ no significant damage to the bone marrow. It is recommended that the nail 
be removed, when the fracture has healed. Osteitis has developed in some cases, but it has not been 
serious. 

Twelve cases of non-union treated b 3 ’’ freshening of the bone ends and intramedullary nailing are 
reported in detail. The results were apparently excellent. Early weight-bearing was possible in most 
cases. — Waller P. Blount, MD., Milwaukee, Wisconsin. 

A CoNTHiBUTioN TO THE PATHOGENESIS OF Chondhomalacia OF THE PATELLA. Carl Hirsch. Acta ChiruT- 

gica Scandinavica, XC, Supplementum 83, 1944. 

It is interesting to note that most of our recent knowledge of chondromalacia of the patella has 
come from the Scandina^dan countries. Now comes a study of the pathogenesis from a ph 3 ’’sical, histo- 
logical, and chemical standpoint. After exacting studies of postmortem and operative material, the 
writer decides that a nutritional disorder from unfavorable pressure may be one of the main reasons for 
pathological changes in the cartilage of the patella. 

By using autops 3 ’’ material and an elastometer which he constructed himself, the writer measured 
the elasticity of the h 3 'aline articular cartilage of the knee joint in different regions. He showed that: 

1. Healthy h 3 'aline articular cartilage had a typical elasticity curve. 

2. The degree of deformity occurring in healthy cartilage was dependent upon the pressure per 
unit area and the duration of the loading. 

3. 'Within certain limits, loads of short duration caused no deterioration in the elasticity, but re- 
peated or prolonged loading produced at least a temporary impairment in elasticity. 

. 4. Cartilage could adapt itself functionalb’’ to a certain extent to increasing loads of short duration, 

in that the relative elasticity modulus computed by the author increased with increases in the loads. 

Specimens obtained from autops 3 ' and operation were stained with toluidine blue after fixation in 
basic lead acetate. Healthy patellar cartilage showed variations in the metachromatic staining in the 
most superficial zones of the cartilage. Malacic cartilage showed distinctly less metachromatic staining 
in all the zones. Histologicalb^, the latter exhibited a markedb' reduced content of chondroitin-sulphuric 
acid as compared with health 3 ’- patellar cartilage. There is alwa 3 'S less chondroitin-sulphuric acid in the 
superficial than in the deeper la 3 'ers of the cartilage. 

B 3 ' chemical anab’^sis the author showed that the content of sulphur bound to esters was lower in 
malacic than in healthy cartilage. Comparative elasticity measurements in health 3 ' and malacic cartilage 
showed that whenever the content of chondroitin-sulphuric acid was reduced, the cartilage also exhibited 
impaired elasticit 3 ". Loss of elasticit 3 ' means loss of circulation of the tissue juices and impaired nutrition. 
If abnormal mechanical strains are often repeated, it is likeb’ that the circulation becomes so impaired 
that the cartilage grows softer and loses some of its chondroitin-sulphuric acid. — Walter P. Blount, M.D., 
Milwaukee, Wisconsin. 

ZuR ICenntnis her Skeletti’eranderuncen bei kindlicher akuter Leukose (Information Regarding 

Skeletal Changes in Acute Leukaemia in Children). Olof Brandberg. Acta Paedialrica, XXX, 205, 

1942. 

Brandberg states the importance of skeletal changes in leukaemia. Chief among such changes are 
foci of destruction, subperiosteal calcification, and zones of rarefaction. Three case histories are reported 
in detail. Examination showed that the areas of destruction and the subperiosteal thickening in the 
bones resulted from leukoc 3 'tic infiltration. The zones of rarefaction were usualb' found at the mclaphj'scs, 
most commonb’ at the iliac crest and pubic bone. None of these skeletal changes is pathognomonic of 
leukaemia. The 3 ' ure also commonb' found in osteom 3 'elitis and pob'arthritis. — John G. Kuhns, MD., 
Boston, Massachusetts. 

Kann be Pl.\ttfcss ixi Kindes.alter ohne Einlagen effektiv behandelt werden (Can Flat-Foot in a 

Child be Effectiveb' Treated without Confining the Child in Bed)? J. Nordenfelt. Acta Paedialrica, 

XXX, 94, 1942. 

Nordenfelt states that among children in Sweden flat-foot is an extrcmch' common deformit 3 ', and 
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is frequeatly the cause of pain and disability. It is a different type of deformity from that found 
in adolescents. It consists chiefly of a failure or weakness of the ligamentous structures and muscles. 
Such feet should not be constricted by shoes and stockings. The child should be giv'en an opportunity to 
strengthen his foot muscles. Fort}' children were given daily, e.vercises for the feet for from three to nine 
months. Thirty-one children were considered cured, and the other nine were improved. No foot supports 
were used. Photographs are shown of ten patients before and after treatment. — John G. Krihns, M.D., 
Boston, Massachusetts. 

Beitraq zur pathologischen Anatomie der Arachnodaktvlie (Investigation of the Pathological Anat- 
omy of Arachnodactilia) . C. G. Bergstrand. Acta Paediatrica, XXX, 345, 1943. 

Arachnodactilia is a relatively rare condition about which little has been reported. Bergstrand reports 
the case history and postmortem examination of a female infant suffering from arachnodactilia. Death 
was due to bronchopneumonia. The only abnormal findings were a single lobe in the left lung and 
absence of the dilator pupillae in both eyes. Microscopically, no abnormal findings were observed in the 
bones, connective tissue, musculature, or endocrine glands. In the literature, Dupuytren-like contractures 
have been reported, and it has been mentioned that the bones grew more rapidly than the connective 
tissue. After reviewing the theories which have been advanced to explain this deformity, the author 
concluded that it appeared to be a mesodermal dj'strophy.^ — John G. I<.uhns, M.D., Boston, Massachusetts. 


Isolierte Fracturen der ersten Rippe (Isolated Fractures of the First Rib). S. E. Sjogren. Acta Radio- 

logica, XXIII, 79, 1942. 

Five cases of isolated fractures of the rib are reported. In the author’s opinion, this fracture is more 
• commop than is believed. Because of the difficultj’’ of roentgenographic demonstration, the lesion may 
be overlooked. 

The fracture may arise as a result of: (1) indirect trauma through the clavicle; (2) direct trauma 
from behind; (3) indirect trauma from the manubrium; (4) contracture of the scalenus muscle. 

The clinical symptoms are always indefinite. Usuall}'- the patient complains of pain in the shoulder. 
This is made worse by motion of the head or arm, but not by deep breathing. This fracture may be 
complicated by injury to the underl 3 dng subclavian vessels, the brachial plexus, or the lung. Healing is 
usual, but pseudoarthroses are occasionally seen. — Henry Milch, M.D., Neiv York, N. Y. 


Zwei Neue Falle MIT “Streifenformiger Osteopoikilie” (Voorhoeve) [Two Cases of the Streaky Form 
. .of Osteopoikilosis (Voorhoeve)]. Ake Lindbom. Acta Radiologica, XXIII, 296, 1942. 

Osteopoikilosis is a hereditary skeletal anomaly first described bj' Albers-Schonberg in 1915. Roent- 
genograph’ically it appears in two forms, (1) the more common spotty form, and (2) the unusual streaky 
form described by Voorhoeve in 1924. 

The former occurs in the metaphyses and epiphyses of the long bones, the tarsalia, the carpalia, the 
pelvis, and the shoulder girdle. The latter is found in the metaphj^ses of the long bones close to the 
epiphyseal line at points where endochondral ossification occurs. 

In addition to the two cases originally described bv Voorhoeve, two cases were described by 
Mascherpa in 1931. Two additional cases are presented by Lindbom. As in the earlier cases, the two here 
reported occurred in a brother and sister. In both the condition caused no S 3 ^mptoms and was an acci- 
dental discoverJ^ In both the skin condition known as dermatofibrosis lenticularis disseminata was 
present. 

The presence of the skin lesion strengthens the belief in relationship between the spotty and streaky 
forms of osteopoikilosis. — Henry Milch, M.TJ., Hew York, H. I . 


Tuberous Sclerosis with Changes in Lung and Bones. E. Samuelson. Acta Radiologica, XXIII, 373, 
1942. 

The author reports the case of a female aged forty-nine whose clinical course began at the age of 
thirty-six years with hemoptysis. A diagnosis of mitral stenosis made at tliis time was later changed to 
pulmonary tuberculosis, then to chronic miliary tuberculosis, and finalb' to Boeck’s sarcoid. Roentgeno- 
graphically, the patient presented the signs of bilateral miliary infiltration of the lungs. The hands 
“showed periosteal thickening on the metacarpal bones and in the fingers, both some opacities and some 

osteoporosis with cj'st-like rarefactions . i .i , 

In June 1941 the patient died of cerebral hemorrhage and the postmortem e.xamination disclosed : 
"(1) irregular, nodular, or tuberous sclerosis in the lungs with small-cj'stic pulmonary degeneration; (2) 
seauelae after an old endocarditis and a parietal thrombus in the heart; (3) multiple benign tumors in 
both kidnevs- (4) tuberous sclerosis of the brain, two small tumors in the choroid plexus and multiple 
brain infarcts with hemorrhage and emollition; (5) roentgenographically demonstrable changes in both 
hands” No signs of tuberculosis'or Boeck’s sarcoid were found. 

Bone chances have been reported in the cranium as well as in the hand.,- and .feet. “Whether these 
changes are possibly due to small fibrous or similar small, benign tumors m the periosteum and bone 
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marrow is probably not known, inasmuch as it does not seem that any patho-anatomic examination has 
been made of the hands.” 

It is the opinion of the author that the tuberous sclerosis of the lungs, bone changes, the tumors of 
the kidnej', and the brain condition are all part of the heterogeneous picture of tuberous sclerosis. — Henry 
Milch, M.D., New York, N. Y. 


Primary Bone Sarcoma. Reidar Eker and Erik Poppe. Ada Radiologica, XXIII, 387, 1942. 

Among 3,795 patients treated for malignancy at the Norwegian Radium Hospital, forty-two suffered 
from primarj' sarcomata of bone. These were classified as follows: In the osteogenic series, were eighteen 
cases of osteoblastic tumors, and four cases of osteolytic tumors; in the chondroma series were seven 
cases of chondrosarcoma, and three cases of myxochondrosarcoma ; there were five cases of Ewing’s sar- 
coma; four cases of periosteal fibrosarcoma; and one case was a non-classifiable sarcoma. 

All but one of the patients were given protracted fractioned roentgenotherapy. This consisted of a 
total of 12,000 to 13,500 roentgen units. In some cases, a second series of half the dosage was given after 
a lapse of from three to four months. 

The authors call attention to the fact that of the twenty-two cases of osteogenic sarcoma, thirteen 
were localized to the metaphyses around the knee joint. In twelve, there was a history of trauma in the 
tumor region. These traumata occurred from two weeks to two years before the onset of symptoms. In 
five cases there was a history of continuous sj'mptoms following injury. Pain is usually the first symptom. 

The osteoblastic form occurs mainly in the young-age group; the osteogenic type in the older-age 
group. In both, the prognosis seems to depend upon the histology of the tumor. “In our opinion combined 
surgical and radiological treatment should be administered for osteogenic sarcomata. By beginning with 
radiological treatment a basis can be established for the tumors’ radiosensitivity. If the tumor belongs 
to a type of low histological malignancy, and proves to be rather radiosensitive, there is a possibility 
that operation may be avoided or carried out with retention of the function of the limb.” 

In general, the prognosis is not 'good, although three patients are alive and healthy more than five 
years after the first treatment. The average length of life is not quite twenty-one months after the first 
treatment, or a little more than twenty-five months after the onset of symptoms. 

Roentgen treatment had little or no effect on the cases of myxochondrosarcoma. In five of six cases 
of chondrosarcoma, there appeared to be subjective improvement. 

Ewing’s tumor is extremely sensitive to roentgenotherapy, and the five cases which the authors 
studied were given roentgen treatment exclusively. Four of the patients died within three to fourteen 
months after the first treatment. One patient is alive and free from symptoms after five years. 

For periosteal fibroblastic sarcoma, surgery is considered the most important form of therap 5 '. Re- 
section of the tumor followed by radiation therapy is a procedure which seems satisfactorj'. — Henry 
Milch, M.D., New York, N. Y. 

VoLUM- UND Formvariationen des Wirbelkanals bei Lordosierung, Bzw. Kyphosierung und ihre 

Bedeutung fur die myelographische Diagnostik (Variations in Form and Volume of the Spinal 

Canal in Lordosis and Kyphosis; Its Significance in Myelographic Diagnosis). Folke Knutsson. 

Ada Radiologica, XXIII, 431, 1942. 

Myelographic diagnosis is based upon extradural deformation of the dural sac. The dural sac is 
separated from the wall of the spinal canal by a slight amount of loose connective tissue, and in conse- 
quence its contour is dependent upon the outline of the spinal canal. 

In order to determine the influence of each of these elements, the author studied cadaver and living 
specimens fixed in lordosis and kyphosis. He was able to show that there was a definite decrease in the 
volume of the canal lyhen the spine assumed the position of lordosis. In this attitude three factors are 
noted: (1) the ligamenta flava become shorter and thicker, and by bulging into the canal they reduce its 
volume; (2) the intervertebral notches become smaller because the superior articular facets arc rotated 
forward ; and (3) the intervertebral disc bulges backward into the vertebral canal. 

Since the nerves course along the anterior wall, they- occupy a greater portion of the narrowed 
(lordotic) spinal canal than of the kj'photic canal. As a consequence the defect in the column of the 
contrast medium is greater in lordosis than in kj'phosis. — Henry Milch, M .D., New York, N. )'. 


Aseptic Necroses in the Epiphyses of Digit.al Phalanges and Metac.arpal Bones (Thiemann'.*; Dis- 
e.ase; Dietrich’s Dise.ase). Sigurd Franck. Ada Radiologica, XXIIl, 449, 1942. 

The author presents the case of a young man, eighteen years old, who complained of pains in his 
fingers. The sj’mptoms had begun three to four years previously, without any history of trauma. Objec- 
tively there was slight restriction of mobility with swelling of the affected joints. Roentgenographically 
there was found flattening, irregular bony sclerosis, cup-shaped broadening of the l).a.“al epiphy.'-e.*--, and 
fragmentation and sequestration in the epiphyses. 
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The diagnosis is made on the basis of the roentgen changes. When healing occurs, the symptoms 
recede. Treatment is always S 3 'mptomatic. 

The condition may affect both the phalanges and the metacarpals (described by Thiemann in 1909), 
or only the metacarpals (described by Dietrich in 1932). — Henry Milch, M.D., New York, N. Y. 


Hemangioma of the CEnvicAL Vektedra with Fracture and Compression Myelomalacia. Olav Holta. 

Acta Radiologica, XXIII, 423, 1942. 

Hemangioma of the vertebra occurs in approximately 10 to 12 per cent, of all spines. Schmorl and 
his associates, e.xamining 2,154 spines, found 257 instances, or 11.93 per cent. Junghanns found 409 
hemangiomata in an examination of 3,829 spines. Of these, 350 occurred in the thoracic spine, 170 in the 
lumbar spine, .thirty-two in the cervical, and twent 3 ’'-seven in the sacral areas. Generally speaking, women 
are more frequently affected than men, and more than half develop in people under the age of thirty. 

The hemangiomata are found mainly in the body of the vertebra, but may affect the arch. Clini- 
cally these hemangiomata give rise to symptoms of transverse myelitis when they reach the surface of 
the bone, and cause a compression of the underlying spinal cord. This may be due to: (1) propagation 
of the hemangioma into the spinal cord; (2) compression through thickening of the corpus and the arch; 
(3) compression fracture of the vertebra; (4) epidural hemorrhage. 

Roentgenographically these tumors appear as rarefactions of the spongiosa with longitudinal thick- 
ening of the trabeculae. In the arches, hemangiomata may present the appearance of an irregular network. 

Treatment may be either surgical or by radiation. Where definite compression symptoms e.\'ist, 
laminectomy may alleviate the medullary pressure. 

The author reports a case in which a compression fracture of the fourth cervical vertebra, the site 
of a hemangioma, took place. The patient developed symptoms of a complete transverse lesion at the 
level of the fourth cervical vertebra, and died despite roentgenotherapy. 

Autopsy revealed a typical hemangioma of the fourth cendcal vertebra with compression of the 
body. Examination of the spinal cord disclosed a myelomalacia at the level of the vertebral lesion. — 

Henry Milch, M.D., New York, N. Y. 

Two Cases of Sympathicoblastoma of the Suprarenal Gland with Metastases to the Cranium and 

THE Tubular Bones. Thomas Rosendal. Acta Radiologica, XXIII, 462, 1942. 

The author reports two cases of sympathicoblastoma. These tumors usually occur in children below 
the age of two. Thej^ are characterized^ by metastases to the cranium, especially about the orbits, and 
are typically associated with exophthalmos and hemorrhages into the eyelids. In the cranium, the metas- 
tases show small spotted destruction ; in the long bones, they show large spotted destruction. 

The .cranial changes may resemble Hand-Schiiller-Christian syndrome, Ewing’s sarcoma, lues, chlo- 
roma, and leukaemia. Roentgenotherapy has only a temporary effect. As a rule the lesion is fatal. A 
single case has been described in which the patient was still alive fifteen years after operation. — Henry 
Milch, M.D., New York, N. Y. 

Aseptic Bone Necrosis of the Os Capitatum (Os Magnum). Gunnar Jonsson. Acta Radiologica, 

XXIII, 562, 1942. . 

The author reports a case of aseptic necrosis of the capitate bone, occurring in a nurse twenty-two 
years old. There was no previous history of trauma. The patient complained of pain, weakness, and 
occasional swelling. There were no signs of inflammation, but crepitus was noted on motion of the wrist. 
The x-ray showed typical progressive fragmentation, sclerosis, and compression of the capitate bone. 

It is believed that this hitherto undescribed condition resembles that found in the os lunatum. The 
process has not become completely quiescent, and ultimately an osteo-arthritis of the wrist may be 
expected. No indication for therapy is given.— H enry Milch, M.D., Neiu York, N. Y. 


Roentgenological Early Symptoms and Healing Phenomena in Chronic Rheumatic Arthritis. 
Folke Knutsson. Acta Radiologica, XXIV, 121, 1943. 

The author has had the opportunity of studying cases of rheumatoid arthritis over prolonged pe- 
riods of time. He is of the opinion that early diagnosis can be made roentgenographically from studies 
of the hands and feet. These two appear to be the sites of predilection in the early phases of the dis- 


ease. 


In this phase the roentgenograms are characterized by articular decalcification, especially in the 
metatarsoohalangeal or metacarpophalangeal joints. Juxta-articular periostitis is quite typical, and is ap- 
parently present only in the florid stage of the disease. The author does not believe that increase in width 

of the joint due to effusion is commonly seen. u <• i f 

On the contrary, narrowing of the joint space as a result of destniction of the cartilage is typical 

f the second stage So-called “ulceration” or destruction appears mainly in the head of the fifth meta- 
tarsah Such ulcerations, however, appear elsewhere. 
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The third or healing stage is characterized by replacement of the irregular contour of the ulcera- 
tions by a smooth, even outline. In those cases in which the cartilage has disappeared entirely, fusion 
of the joint takes place. The author suggests that in evaluating the effects of -therapy, the roentgeno- 
graphic changes should be noted. — Henry Milch, -M.D., New York, N. Y. 

Some Experienxes with a New Method of Arthrography. Kjeld Andersen. Acta Radiologica, XXV, 

33, 1944. 

The author comments upon the difficulty of obtaining satisfactorj' arthrograms in conditions affect- 
ing the menisci. In the method which he recommends, N»0 is used as a contrast medium. After appro- 
priate sterilization, the skin is anaesthetized with five cubic centimeters of On per cent, novocaine. Us- 
ing the technique and instrumentarium of Tischendorff sixti' to one hundred cubic centimeters of N-0 
is injected into the knee joint. 

The patient is then placed in the prone position, and the knee is fle.xed, abducted, or adducted until 
optimum views as determined bj’ the fluoroscope are achieved. Eight to ten roentgenograms are made 
in different positions. The method has been used in fifty-two cases. The roentgenograms which are re- 
produced are really so clear that even untrained observers can recognize the lesion. The method seems 
worthy of trial. — Henry Milch, M.D., New York, N. Y. 

Common Congenital Anomalies of the Bony Thorax. L. K. Sycamore. The American Journal of 

Roentgenology and Radium Therapy, LI, 593, 1944. 

The author studied chest roentgenograms of 2,000 freshmen entering Dartmouth College. Congeni- 
tal anomalies of the bon 3 ’ thorax occurred in 2.8 per cent, of the students. There were twentj' cases of 
bifurcation of the ribs, ten cervical ribs, ten rudimentarj' first ribs, six cases showing flaring of 'the an- 
terior end of the rib, six cases where two ribs were fused, and four cases where there was bridging be- 
tween two ribs. Calcification of the first costal cartilage was found in 4 per cent, of the college fresh- 
men, who averaged nineteen or twenty j-ears of age, but a series of 100 roentgenograms of medical stu- 
dents three or four j’ears older showed calcification in a greater or lesser degree in 42 per cent. 

' Eridence is presented which suggests that the appearance, described bj' various authors as frac- 
ture of the first rib, may in some cases be due to a congenita! anomalj'. — E. A. Cobb, M.D., Iowa 
■ City, Iowa. 

Osteochondritis of the C.apitellum (Banner’s Dise.ase). Herman C. March. The American Journal 

of Roentgenology and Radium Therapy, LI, 682, 1944. 

The author reviews the literature concerning osteochondritis of the capitellum and finds that, since 
Banner first described this site of osteochondritis, verj' few cases have been presented. He presents one 
case. Good roentgenograms aecompan 5 ' the case histoiy. — E. A. Cobb, M.D., Iowa City, Iowa. 

Traumatic Separ.ation of the Upper Femoral Epiphysis. A Birth Injury. Butnam C. Kennedi’. The 

American Journal of Roentgenology and Radium Therapy, LI, 707, 1944. 

The author reviews from the literature twenty cases of traumatic separation of the upper femoral 
epiphj'sis, and adds one case of his own. Every' case except one in the literature occurred during podalic 
version and breech extraction, or breech presentation and extraction. In the author’s case, the position 
was occipitoposterior, delivery was by low forceps, and no known trauma was exerted on the legs. The 
author states that at birth the upper femoral epiphy'sis is a single cartilaginous mass, including head, neck, 
and both trochanters. In traumatic separation, it is displaced medially' and downward at its junction with 
the diaphy'sis. The periosteum is usually stripped up and sometimes ruptured. The joint capsule and 
ligamentum teres femoris remain intact. Rotary movements combined with traction on the leg are neces- 
sary to produce the injury'. The clinical signs are swelling, slight shortening, limitation of active mo- 
tion, painful passive motion, and external rotation; and occasionally' discoloration, crepitus, abduction 
or adduction. 

The roentgenographic signs are displacement of the proximal end of the diaphysis, upward and out- 
ward ; rapid, profuse callus formation and prominent subperiosteal reaction around the upper end of the 
shaft; absorption of callus and reconstruction of the femoral neck; and premature ossification of the 
capital epiphysis and accelerated growth of the femoral neck on the injured side. 

The prognosis is good in cases of milder injury, but rather poor when the initial trauma and dis- 
placement have been severe. Coxa vara is a frequent end result in the latter group of eases. — 

E. A. Cobb, MD., Iowa City, Iowa. 

Brim.ary Hemangiom.atous Tumors of Skeletal Muscle. Thomas A. Shallow, Sherman A. Eger, and 

Frederick B. IVagner, Jr. Annals of Surgery, CXIX, 700, 1944. 

This is an extensive and complete article dealing with the subject of primary hemangiomatous tu- 
mors of skeletal muscle. The authors make an analytic remew of 333 cases in the literature and add 
two cases of their own. 
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The practical conclusions of the study of those tumors arc ns follows: 

1. The lesion is of the diffuse type in most cases. 

2. There are no proved cases of metastasis from a primary muscle liemangioma, although malig- 
nant degeneration has been reported as irrobable in a few instances. 

3. In treatment the procedure of choice is early complete surgical excision, well beyond the con- 
fines of the tumor. This was the treatment used in 79 per cent, of the cases, with improvement or cure 
in 90 per cent. If malignant degeneration is suspected, deep postoi)crative roentgenotherapy is advo- 
cated. 

4. There was no surgical mortality for the entire series. Local recurrence or lack of improvement 
was reported in 6 per cent. Postoperative deformity resulted in 4 per cent. 

The authors favor the view that hemangiomata arc congenital tumors, originating from abnormal 
embryonic sequestrations of vascular tissue. Trauma and systemic infection, acting as secondaiy factors, 
ma 3 ' modify subsequent growth and clinical manifestations. — Johc Piiig Guri, M .D., Iowa City, loiva. 


A Physiologic Analysis of the Natuhe and of the Treatment of Burns. AVilliam W. L. Glenn. 

Annals oj Surgery, CXIX, 801, 1944. 

Attention is directed to this article because of its possible importance with regard to the e.xudate 
which forms in the soft tissues in fractures. In burns it was found that the exudate clotted and formed 
a stagnant gel which acted as a foreign body. This gel was slowlj' absorbed, and its Complete removal 
was necessaiy before Jiealing took place. It formed a source of nitrogen for the proliferation of fibro- 
blasts with ultimate scarring. For these reasons, it was decided that restriction of the exudate is im- 
perative in all burns. Perhaps further stud.v of this subject will show an analogy or even a similarity 
between the gel which forms in burns and the state of tlie exudate which forms in fractures. If this is 
demonstrated, there will be good reason for attempting to limit the exudate in fractures even as in 
burns. 

Glenn found that closed plaster encasements, gently molded over a minimum of gauze padding, and 
extending entirely over the end of the extremity, were effective in restricting the exudate. No local 
harm resulted from this treatment. It is strongly emphasized that no external pressure is used in ap- 
plying the plaster. As plasma escapes from the dilated capillaries, the pressure which the extravascular 
tissue fluid builds up against the plaster encasement is e,\actty equal to the pressure attempting to push 
fluid out of the capillaries. When this pressure equilibrium is reached, no more fluid can leak out than 
can be carried off by the lymphatics or can be absorbed by the capillaries. — Poid P. Sxvelt, M.D., 
Bloomfield, Connecticut. 


External Pin Transfixion of Fractures. An Analysis of Eighty Cases. Irwin E. Siris. Annals oj 

Surgery, CXX, 911, 1944. 

In view of the enthusiastic reception given to the various ingenious devices which make it not only 
possible but tempting to employ external pin fixation in the reduction and immobilization of fractures, 
this paper sounds a timely note of warning. This warning is all the more insistent, since it comes from 
tlie teaching department of a large metropolitan hospital. 

On the basis of a careful analysis of the results in eighty cases treated b^' external pin fixation, it is 
concluded that the method should not be used routinely, but should be restricted to selected cases, and 
then should be employed only by surgeons trained in the technique. The reasons for those conclusions 
lie in the reported results: discharge from the pin sites in thirty-seven out of eighty cases; osteomyelitis 
at the pin sites, with discharge persisting long after the fracture had united in eighteen cases; death in 
eight eases. Delaj’’ in union was more common, and seemed to result from the frequent distraction of the 
fragments. 

It is believed that the use of external pin fi.xation is desirable in pensistentty displaced compound 
fractures, and in certain problem fractures. But it is also the author’s belief that too much emphasis 
has been given to the desirability of ambulation, and to constant joint motion; neither of these is an 
adequate reason for the general employment of external pin fixation. — Paul P. Swclt, M.D., Bloom- 
field, Connecticut. 


[tAscTAL Slinging of the Scapula and Clavicle for Dropped Shoulder and Winged Scapula. G. C. 

Dorling. The British Journal ofi Surgery, 'Kyiyill,Zn, 

The first patient suffered from a winging of the right scapula. This injury followed artificial respiration, 
Tiven during an operation when he stopped breatliing. Two attempts to repair the damaged long thoracic 

lerve had been made unthout success. , , i , 

Verv incenious fascial slings were made, which suspended the scapula to the spinous processes of the 

-tvth cervical and the third thoracic vertebrae. The approach was made by an incision from the fifth cervical 
r lueTuh thoracic vertebrae, just to the left of the midline. A large skin flap was turned back. Holes were 
^0 the fifth between its spine and the upper border, and stnps of fascia were threaded 
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through and earned over the spinous processes. An abduction plaster was applied, and the patient now 
suffers no disability. He is at present a physical-training instructor. 

The second patient nas a 'noman of forty-four who suffered a paraljsis of the spinal acce.ssor 3 ’ nerve 
during an operation for tuberculous glands of the neck Tuo previous operations had been only partly 
successful Due to paralj'sis of the trapezius muscle the entire- shoulder girdle drooped. The author sus- 
pended the scapula from the sixth cervical vertebra bj’ a fascial strip with very gratifjdng results — Ernest 
M. Daland, M.D , Boston, Massachusetts. 

The Problems axd Principles of the Restoration of Limb Function Following Injury, as Demon- 
strated BA Humeral Shaft Fractures F S A Doran The British Journal of Surgery, XXXI, 351, 
1944 

The cause of joint stiffness niaj’ be articular in origin, m which case it maj' be due to a bony ob- 
struction caused bj- the displacement of the articular elements, or to shortening of the capsule, possibly 
with the formation of melastic pericapsular fibrous adhesions The cause of the stiffness may be muscu- 
lar in ongm This may be due to lack of power to contract because of intramuscular fibrosis, to bindmg 
of the muscle to the bone bj' scar tissue, to gross destruction of muscle tissue, or to paratysis of the 
motor nen e 

Fractures from flj'ing accidents are usuallj' comminuted They are slower to mute, and giim more 
joint stiffness than those caused m accidents from other causes The results m the latter group are 
twice as good as m the former The amount of joint disability depends on the site of fracture as well 
as on the mode of injury 

In this group of sei enty-six cases of fracture of the humeral shaft, all patients who regained full 
elbow moiement did so in eight weeks or less 

The writer accepts the Roux theorj' that more vigorous exercise not only alters the qualitative com- 
position of the muscle, therebj’ raising its specific efficiencj’, but also enlarges the muscle in those dimen- 
sions only which j-ield greater actn ity to the given function. He, therefore, advocates the earlj- use of 
Swedish resistance exercises to restore power and joint mobility, and the later use of the Danish type of 
exercise to give speed and coordination — Ernest M Daland, MD, Boston, Massachusetts. 

The Result of Operatiat Repair of Sea ere Acromio-Cl.aaicul.ar Dislocation. A. N. Birkett The 
British Journal of Surgery, XXXII, 103, 1944 

This IS the record of a man of twenty-mne, injured bj- being crushed between two lornes. Roent- 
genograms showed wide separation of the acromioclaAicular joint, and it was believed that the outer 
end of the claA icle was buried m the trapezius Closed reposition was impossible. 

Open operation was earned out, and the dislocation was reduced A stnp of fascia lata was passed 
through a hole bored m the claiicle, under the coracoid, OAer the claAicle, through a second hole near 
the acromioclaAicular joint, and out througli a third hole m the acromion. The two ends of the fascial 
strip were sutured on the upper surface of the claAucle. 

Roentgenograms showed a mild degree of subluxation still present RecoA'eiy was rapid Check- 
up roentgenograms show ed calcification along the fascial tracts between the coracoid and the claA'icle. 
There was some restnction of motion — Ernest M Daland, M D , Boston, Massachusetts 

An Unusual Dislocation of the Foot E W. Dorrell British Medical Journal, II, 12, 1944. 

The author reports an uncommon dislocation of the foot, sustained when the front wheel of a gun- 
trailer sloAvlj- rolled backward oAer the patient’s left foot, from the medial to the lateral side 

Roentgenograms showed the cuboid and cuneiforms had been squashed together, and the base of 
the second metatarsal forced out of its mortise The metatarsals had been forced lateralh, the fifth 
completelj' dislocated, the second, third, and fourth being subluxated lateralh- to a lesser degree The 
cuneiform climcallj- Avas a eiy prominent on the medial side of the foot 

Reduction was accomplished, under anaestheua. without traction, bj pressure mediallj- on the base 
of the fifth metatarsal, and laterallj- on the first cuneiform A surface wound on the anteromedial side 
of the foot was sutured, and a short unpadded leg plaster applied After twehe daAS, this plaster was 
replaced bj another for a penod of four AAeeks A walking-iron was then used, and aa eight-bcanng was 
alloAAed After eight AAceks from the date of injurA-, the plaster aads remoAcd altogether Xoaa, three 
months after the accident, the patient is walking, and has full pamle~s moAcment at the ankle joint; 
inA crsion and ca ersion are almost normal 

Fractures OF the Wrist and Hand H S Morton The Canadian Medical Association Journal, lA.AZti, 
1944 

The author reiieAAS tlurty-tAvo cases of fracture of the carpal scaphoid In tAventA--three, the injiin- 
resulted from a fall 

Treatment consisted of immobilization in a cast, incorporating the joints aboAc and beloAv the in- 
juiy, for three or four months Firm union resulted in nineteen case- Bone-grafting avos u'ed m ten 
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fractures that failed to unite. A bone graft, one-quarter of an inch in diameter, united the fragments in 
nine of the ten cases. The author advises against whole or partial excision of the scaphoid, because of 
resulting residual pain and loss of power. In one case, where drilling and partial excision were used, non- 
union of eighteen months’ duration occurred. 

In the treatment of fractures of the metacarpals, two methods were employed: (1) the use of the 
femoral bone clamp for reduction, and (2) a trapezium fixation b}'^ transverse pins, using the adjacent 
metacarpal as the fourth side of the geometrical figure. 

In compound fractures of the phalanges, careful reduction and early movement are invaluable. Lon- 
gitudinal pinning, by means of an intramedullarj'^ wire, was used successfully by the author. 


The Operative Treatment of Injuries to the Semh.unar Cartilages in Personnel of the British 

Air Forces. D. M. Meekison. The Canadian Medical Association Journal, LI, 517, 1944. 

The author discusses the importance, in the operative treatment of injuries to the semilunar carti- 
lages (menisci) of the knee joint, of (1) correct diagnosis, (2) absence of arthritic changes, (3) the age 
of the patient, and (4) the adequate and rapid removal of the torn meniscus. 

In examining a knee joint for internal derangement, the author looks for the presence of atrophy 
of the thigh; the presence or absence of fluid in the joint, and of local heat on palpation; springy re- 
sistance at 20 or 15 degrees from complete extension (suggestive of a complete bucket-handle lesion) ; 
stability of the collateral ligaments tested in extension, and of the cruciates tested at about 100 de- 
grees; points of tenderness around the joint line, and at the attachments of the collateral ligaments with 
the knee at 90 and 100 degrees; and evidence of posterior herniation in the popliteal space. 

The prognosis is poor where arthritis is present in the knee joint, or if the patient is not jmung. 
The author avoids operation in a patient over the age of fortj^ or at most fort 3 "-five. 

At operation, the incision is well out from the patella, bordering on the tibial collateral ligament. 
The fascia and the capsule are separated, are incised separateb’, and the joint is opened from above 
downward. All articular surfaces are examined careful! 3 ^ The whole cartilage is removed. If necessary, 
a posterior incision is made to obtain the posterior horn. The capsule is lightb'- tacked with inter- 
rupted catgut, allowing any effusion to leak through the capsule and be absorbed. 

The postoperative dressing includes cotton wool wrapped around the joint, and two elastic band- 
ages, the second a compression bandage, to be removed twent 3 '-four hours later. The patient is allowed 
up after ten days. Quadriceps exercises are carried out before and after the operation. Results are ex- 
cellent in nine out of ten cases. 

Although final end-result figures have not been obtained by the author, a general and informal 
survey of some thousands of cases produced a figure of 93 per cent, returned to full duty after seven 
weeks. ' 


Infecciones agudas de la mano (Acute Infections of the Hand). Luis Raul Flores. Cimgia y Cini- 

ianos, XII, 209, 1944. 

This is a long and detailed article dealing with the subject of hand infections, and emphasizing the 
importance of taking such infections seriously. The author has followed the ideas of Kanavel and Koch, 
and he feels that surgery performed on the hand should be treated as major surgery, frequentb^ requir- 
ing more judgment than abdominal surgery. Only a surgeon of experience should treat infections of 
the hand. The article points out that the hand has six major spaces where pus can accumulate: dorsal 
subcutaneous, dorsal subaponeurotic, hypothenar, thenar, interdigital, and mid-palmar. The direction of 
travel of infections of the various fingers is described. There are two main soft-tissue infections in the 
hand: lymphangitis and tendon-sheath infections. The generalized nature of the swelling and lack of 
point tenderness are characteristic of b^mphangitis. Tenosynovitis shows exquisite point tenderness, 
flexion of the finger, pain on extension, and a diffuse swelling involving the finger only. The importance 
of "correct incisions in infections of the hand is stressed. The entire subject is well and accurately cov- 
eied in this article, which is profusely illustrated. — Louis W. Brock, M.C., Camp Swift, Texas. 


csrPTciFicANCE OF Muscle Spasm in the Acute Stage of Infantile Paraltsis Based on Action 
riiRRENT Records. R. Plato Schwartz, Harr 3 ^ D. Bouman, and AVilbur K. Smith. The Journal oj 
the American Medical Association, CXXVI, 695, 1944. 

Aft establishing the firm foundations upon which rests the so-called orthodox concept of infantile 

MvlS alieats .vith spastic paralysis. They paid particular attention to muscle spasm. 

From their data the tollotving points trere established; . , 

In some Pf Xd ratned mrS, 'fb,' the antagonists of 

IveaSed 1' (c) mulles ivhich exhibit no clinical or other evidence of rveahness. 
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“3. The e\ddeiice does not support the view that fibrillation or inflammation of the muscle is re- 
sponsible for the spasticity. 

“4. On stretching the antagonist of a weakened muscle, the evidence of spasticity in the weakened 
muscle is frequently greater than the recorded reaction of the muscle in response to voluntary contrac- 
tion. 

“5. On stretch reflex of a weakened muscle, spasticity not only is recorded from its antagonist but 
also is significantly present in records of the corresponding muscles of the opposite extremity. 

“6. In association with voluntary contraction efforts this spasticity spread was recorded from the 
same group of muscles as resulted from stimulation by stretch reflex noted in 5. 

“7. But a muscle which shows no clinical evidence of weakness always produces a stronger volun- 
tarj' contraction record than the recorded evidence of muscle spasm. 

“8. There has never been recorded evidence of spasm when a muscle failed to produce a record of 
reaction to the voluntarj^ movement. 

“9. Spasticity is a generalized phenomenon in the early stages of infantile paralysis. 

“10. As prevailing spasm diminished in a weakened muscle, there was recorded evidence of in- 
creased strength in the voluntary contraction. 

“11. The gross initial spasm of neck and back muscles, so characteristic with onset of the acute 
stage, invariabl 3 ' disappears without evidence of muscle weakness or paralysis. 

“12. There was no correlation between the degree of spasm and the incidence of muscle weak- 
ness or paralj'sis.” 

In summary of their discussion, the authors state that “certain functional abnormalities other than 
muscle weakness were observed in the lower reflex arc. They could be most readily explained in terms 
of a dj'sfunction at or proximal to the dendrites or cell body of the lower motor neuron. This dj'sfunc- 
tion resulted in a partial isolation of the lower motor neuron from the inhibition normally induced bj' 
other levels through long and short neural pathways. The degree of lower reflex arc isolation thus estab- 
lished and the degree of viability remaining in the lower motor neurons therefore determined the 
amount of muscle spasm in each instance. 

“Without the involvement of levels proximal to the lower motor neuron there would be no spasm, 
but the muscle could be either weak or normal, dependent on the number of normal motor neurons 
innervating the muscle. 

“If all motor neurons failed to be stimulated bj' the stretch reflex there would be no reaction to the 
stretch reflex even though relationships proximal to the dendrites were normal. 

“Spasticity and weakening are two separate phenomena, each dependent on specific disturbances of 
functions of the anterior horn cells. 

“There was every indication that spasm ran its course like other clinical manifestations of the dis- 
ease. 

“The relationship between muscle tenderness and muscle spasm has not been clarified bj' the work 
thus far done. . . . 

“We have emphasized the clinical phenomena and the electromyographic evidence which indicates 
that muscle spasm does not initiate the development of muscle weakness.” 

This article is well organized and is worthy of careful and repeated study by all orthopaedic sur- 
geons interested in anterior poliomyelitis. — Brandon Carrell, M.D., Dallas, Texas. 

The Roentgenology of Osteomyelitis. J. W. Pierson and J. F. Roach. The Journal of the American 

Medical Association, CXXVI, 884, 1944. 

The authors summarize in a concise fashion the present knowledge of the pathologj' and associated 
roentgenographic findings of acute and chronic osteomj'elitis. From a roentgenographic point of view, 
there are three groups of diseases which frequentlj’^ cause differential difficulties; (1) other infections; 
(2) bone tumors; and (3) diseases of the reticulo-endothelial sj'stem. Syphilis and tuberculosis pf the 
long bones are the two most troublesome infections, and often the 3 ' cannot be differentiated without 
additional clinical information. Especially difficult is the differential diagnosis of such bone tumor.s .as 
osteogenic sarcoma. Ewing’s endothelioma, and the metastasis of neuroblastoma. The diseases of the 
reticulo-endothelial S3’stem which cause difficulty are the leukaemias, the B’mphomata, the xanthomata, 
and the congenital anaemias. The characteristic roentgenographic picture of an 3 ' one of these diseases 
IS usualb'' readier differentiated from the others and from osteom 3 ’elitis. but each ma 3 ' have a stage in its 
development when one sees the picture of osteom 3 'elitis. — H. H. Bechcring, M.D., Dallas, Texas. 

Pehsistence of Virus Excretion in the Stools of Poliomyelitis P.\tients. Doroth'’ M. Hon^^tmann, 
Robert Ward, and Joseph L. Melnick. The Journal of the American Medical As.cociation, CXXVI, 
1061, 1944. 

Tlie authors undertook a stud 3 ’ to determine the average duration of excretion of pohom 3 'clitis n’nis 
in stools of patients following acute infection, and to ascertain whether a chronic carrier state similar to 
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that occurring in typhoid exists^^in poliomyelitis. After studying the excretion of poliomyelitis virus in 
the stools of sixty-one patients, it was found that in sixty-one per cent, the vims was e.xcreted during the 
first two weeks after onset of the disease, in 50 per cent, during the third and fourth weeks, in 27 per cent, 
at the fifth and sixtli weelcs, and in 12.5 per cent, at the seventh and eighth weeks. After the ninth week, 
virus was detected in onl}'^ one of fifty-two specimens tested ; this had been excreted in the twelfth week. 
Not one of the sixty-one patients followed was demonstrated to have become a persistent carrier of 
poliomyelitis virus . — Brandon Carrell, M.D., Dallas, Texas. 

Pneumococcic Arthritis. Report of Case of So-Called Primary Pneumococcic Arthritis. William P. 

Roger. The Journal oj the American Medical Association, CXXVI, 1062, 1944. 

The author regards pneumococcic arthritis as a manifestation of a septicaemia, even in those cases 
in which the primary focus from which the organism gained access to the blood stream cannot be deter- 
mined. He has thoroughly reviewed and brought up to date tlie literature of this rare disease, and adds 
one case of his own, in which the causative organism was Type XII pneumococcus. Purulent exudate, 
aspirated five days after adequate sulfadiazine therapy, again jdelded this type of organism in pure cul- 
ture. The incidence of pneumococcic arthritis as a complication of pneumonia is given as 0.3 per cent. 
Seventy to 75 per cent, of the cases of pneumococcic arthritis occur in association with pneumonia. 

The usual clinical features of an acute p 3 ’'ogenic arthritis are seen in this disease, and the following 
are regarded as almost pathognomonic: white, periarticular oedema, with prominent venous collateral 
circulation; elevated temperature with the patient in good general condition; the absence of regional 
lymphadenopathy; and the rapidity of reappearance of swelling of the joint after aspiration. The disease 
is monarticular in about 75 per cent, of the cases. 

Recommended treatment is similar to that for the usual pjmgenic arthritides, but the observation 
made in 1902 by Herrick should be noted; “It is well to remember that, with serous and in a few cases 
even with purulent exudate, recovery has ensued either spontaneous!)’' or bj’’ the simpler measures of 
rest, compression, or aspiration”. 

The mortality rate is determined by the bacteraemia. In almost every joint infected by pneumococci, 
there will be some permanent damage. Evidence is lacking to establish a grave prognosis or high mor- 
tality for pneumococcic arthritis by itself. — H. H. Beckeiing, M.D., Dallas, Texas. 

Catjsalqia. a Preliminary Report of Nine Cases Successfully Treated by Surgical and Chemical 

Interruption of the Sympathetic Pathways. I. Joshua Speigel and Jack L. Milowsky. The Journal 

oj the American Medical Association, CXXVII, 9, Januar)'- 6, 1945. 

The more important literature on the subject is reviewed, and the following etiological factors are 
mentioned: neuritis ascending from the point of injuiy; abnormal i^asomotor reflexes; irritation of the 
peripheral sympathetic ple.xus; stimulation of a hitherto unrecognized set of “nocifensor nerves”; some 
anatomical or biological peculiarity of certain afferent neuronic systems; and “an expression of sensory 
hypertonjeity”. The authors agree with others that “all that emerges from these theories as reasonably 
certain is that abnormal vasomotor activity usually accompanies the pain”. The therapj'^ of causalgia is 
aimed at one of three expedients; removal of the cause of irritation to the nerve; interruption of the 
afferent pathway in the peripheral nerve ; and interruption of the sympathetic supply of the extremity. 

Removal of irritation to the nerve is accomplished by neurolysis, by removal of adjacent foreign 
bodies, or by the injection of “trigger points” with procaine hydrochloride. Interruption of the afferent 
pathway has been performed in several ways: by resection and resuture of the nerve; by section of the 
painful nerve, rhizotomy, or even chordotomy; and bj'- injection of the nerve with 60 per cent, alcohol. 
Interruption of the sympathetic supply of the extremity has been done by periarterial sympathectomy, 
which is being supplanted in this country by direct surgical and chemical attack on the ganglionated 
sj’mpathetic chain; and by preganglionic sympathectomy, A real disadvantage of postganglionic s 3 Tn- 
pathectomy is the increased sensitization to circulating epinephrine and S 3 ’^mpathin. A review of pregan- 
glionic sympathectomy is given, and the authors then present their nine successful cases. 

On the basis of their experience, the following conclusions have been drawn: (1) the syndrome 
followed injury to all or any of the major nerves of the upper extremity; (2) injuiy to a blood vessel 
frequently accompanies nerve injuries in causalgia, but is not a necessary accompaniment; (3) the most 
constant s 3 TOptom of causalgia is hot burning pain aggravated by movement and friction; (4) the most 
common findings are a shiny, cold, profusely perspiring and frequently cracked skin in the involved 
extremity with hyperaesthesia occurring in most of the cases; (5) roentgenographic evidence of decalci- 
fication of the involved extremity is frequentl)- seen ; (6) the pain does not appear to be due to the con- 
stant irritation of a scar or of a foreign body; (7) the degree and quality of pain are in no way commen- 
with the type and extent of the injury; (8) the sensoiy deficit does not delineate the area of pain, 
buTthe two freiiently shade into each other; (9) personality di.sordcrs and hysteria are the result 

Theh'°conclSns°asto. tlmrapy are: (1) neurolysis is not a useful procedure in the treatment of 


the journal of bone and joint suroery 



CURRENT LITERATURE 


541 


causalgia -per se, although it may be necessary in the treatment of the specific nerve deficit; (2) it is 
injudicious to subject the patient to a series of operations ranging through neurolysis, nen-e section, and 
periarterial sj’mpathectomy before attempting chemical and surgical interruption of the S3'mpathetic 
pathways; (3) interruption of the sympathetic pathwaj-, temporaril 3 ' bj" S5'mpathetic block, or perma- 
nentlj’ by surgical sjTOpathectomj', is a highlj- dependable form of treatment for causalgia ; (4) a series 
of diagnostic sj-mpathetic blocks should be performed to prove the efficacj’ of interruption of the sj’m- 
pathetic pathwaj’ before performing sj’mpathectomj' ; and (5) occasionallj' the pain of causalgia can be 
more or less permanentlj' controlled bj' sj’mpathetic block with local anaesthesia where sj'mpathectomj' 
is not feasible. — Brandon Carrell, M.D., Dallas, Texas. 

Pellegrini-Stieda Disease ix the Bantu. P. Keen. Clinical Proceedings. The Journal oj the Cape Town 

Post-Graduate Medical Association, III, 331, 1944. 

In a group of 2S0 cases of injuries to the knee and chronic knee-joint conditions seen at the Non- 
European Hospital, Johannesburg, Pellegrini-Stieda disease was found seventeen times over a period of 
seventeen months. 

The author states that, in the Bantu, the tibial collateral ligament is a larger structure (4.75 inches 
in average length, with extremes of 4.3 and 4.9 inches), whose insertion into the condj'le of the femur is 
closelj’ associated with that of the tendon of the adductor magnus. This anatomical difference is given as 
a reason for the spread of ossification bej’ond the ligament, and also for the conspicuous absence of lesions 
of the internal semilunar cartilage in the Bantu. 

The average age in this group was 33.5 j’ears. There were fifteen males, and two females. Definite 
trauma was noted in fourteen cases. In nine patients, the complaint was pain and stiffness; in seven, 
pain; and in one, pain and swelling. Ten of the seventeen cases gave roentgenographic evidence of osteo- 
arthritis, and two had clinical signs of it. The lesion of the tibial collateral ligament, however, over- 
shadowed the evidences of osteo-arthritis where it was also present. 

Excision of the ossified mass was indicated in some cases, but it could not be done because of the 
reluctance of the Bantu to undergo operative treatment. Immobilization with plaster-of-Paris was used, 
with absorption of the ossification in some. Massage, movements, and radiant heat helped to increase 
absorption. 

Since closing the series, three other Bantu with Pellegrini-Stieda disease have been noted, making 
a total of twentj’ cases in about one and one-half j'ears. 

The Treatment of Gunshot Injuries of the Hip Joint in Forward Evacuation Areas. M. A. Traitel. 

Khirurgiya, No. 4, 52, 1944. 

The writer’s experience covers a large number of hip-joint wounds and permits the following con- 
clusions: (1) early radical surgical interference with excision of the joint is the operation of choice as a 
life-saving measure, and also as providing the most satisfactorj’ functional result; (2) conservative treat- 
ment should be a rare exception and maj' onlj' mean delaj', which maj' prove to be fatal ; (3) wounds 
involving contiguous areas, such as the pelvis, greater trochanter, intertrochanteric areas, and the sur- 
rounding soft tissues must also be subjected to earlj’ radical surgical interference. — E. Kaplan, M,.D., 
New York, N. Y, 

Paget’s Disease: Its Pathologic Physiology and the Importance of This in the Complications 

Arising from Fr.actube and Immobilization. Edward C. Reifen.stein, Jr., and Fuller Albright. 

The New England Journal of Medicine, CCXXXI, 343, 1944. 

In the light of two carefullj' studied cases, this paper discusses the serious implications of acute 
atrophj’ of bone, as a complication of Paget’s disease following fracture and immobilization. The paper 
should be read in full, since it also covers brieflj' normal bone metabolism, the metabolic abnormalities 
1 osteoporosis, as opposed to those in osteomalacia and osteitis fibrosa generalisata, the morbid anatomj- 
r Paget’s disease, and, finallj', a concept concerning the pathological phj-siologj’ in Paget’s di.'e.ase. 

The bone lesions found in Paget’s disease are not generalized, but thej' are .spottj-, and thi.s argiies 
;ainst an endocrinological or metabolic basis. The initial lesion is bone destmetion, and its cau^e is 
itirelj’ obscure. Destruction makes the involved bones less resistant to stress, and this lead's to .=timula- 
on of the osteoblasts and overproduction of bone. However, the repair is not completed, because the 
icalized initial disorder persists, and alternating destruction and repair produce the iiathognomonic 
nding of the so-called “mosaic structure’’. This appearance is created bv the irregular cement lines, 
ich of which marks the point where de.«truction temporarilj- stopped and repair began. While the 
banges in Paget’s disease are similar to those in osteitis fibro.sa generalisata of hj’jieniarathj’roidi-m. 
lere is one important difference. In the latter, bone is destro.ved which can be.-t be .‘spared ; while in 
aget’s disease destniction occurs without regard to structure. 

A distinct train of event.s follows immobilization of a bone containing Paget's di-^ea^s. The lack of 
tress, probablv aided In* the alarm reaction of Seij’e. reduces the activitj’ of the O'teo'ol.’L-ts. .and the 
;vel of the serum phosphata.se drops; but, because of the perdstence of the initial I>one-<le<iroj’ing 
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disturbance, there is an imbalance between bone destruction and bone formation. The increase of cal- 
cium and phosphorus coming from the bone leads to an increase in the urinaiy calcium and phosphorus. 
If the excretory capacity of the kidney is inadequate, hypercalcaemia results, and, unless this is overcome, 
“chemical death” maj' follow. Measures to overcome the hypercalcaemia are: an increase of fluid intake, 
a reduction in calcium intake, and as brief a period of immobilization as possible. Although the broken 
bone as a whole becomes decalcified, a calcifying callus promptly occurs at the fracture site. This sup- 
posedly is due to some local influence e-xcited by the fracture, which stimulates the osteoblasts,— PauZ T. 
Swell, M.D., Bloomfield, C onneclicul. 

Okthopedic Aspects of Brucellosis. E. G. Chuinard. Norllnvexl Medicine, XLIII, 279, 1944. 

There is not infrequently some confusion in the symptomatologj' and diagnosis of brucellosis and 
certain orthopaedic conditions. Aside from brucellosis spond 3 ']itis, this infection frequentlj' localizes in 
tendinous insertions, especiallj’- in the supraspinatus, the glutei, the cocc 5 "geus, the levator ani, and the 
piriformis muscles. The main symptoms are weakno.ss, fatigue, and soreness at the tendinous insertions, _ 
together with pains through the neck and head. The signs are tenderness at the tendinous insertions, and 
tenderness and weakness of the muscle. The fever signs are of less importance. Tiie orthopaedic surgeon 
and the internist must work in close cooperation on these cases. — Charles Lyle Hawk, M.D., Los Angeles, 
California. 

Some Joint and Fracture Problems of the Accident Commission. Wilmer C. Smith. Norllmesl 

Medicine, XLIII, 360, 1944. 

The author stresses the danger of permanent stiffness of the shoulder joint in injuries sustained after 
the fifth decade. It is impei'ative, therefore, that in immobilization of the shoulder joint, the humerus 
should be placed in a horizontal position, with the forearm fixed at right angles, — that is, pointing straight 
upward. This will permit maximum abduction as an end result. The author severe!}'- condemns unneces- 
sary open reductions of fractures, and makes careful distinctions between delayed union and non-union. 
Prolonged and adequate immobilization in cases of delajmd union will nearlj’- always prevent non-union. — 

Charles Lyle Hawk, M.D., Los Angeles, California. 


Myelography with Pantopaque and a Neav Technic for Its Removal. Wendell G. Scott and Leon- 
ard T. Furlow. Radiology, XLIII, 241, 1944. 

Neither air, lipiodol, nor thorotrast is an entirely satisfactorj' contrast medium for m 3 'elography. In 
search for a better one, Warren, Strain, Plati, and their associates developed eth}'! iodophenylundecylate, 
a mi.\'ture of isomers obtained by the addition of iodobenzene to eth}'] undec 3 ’'late in the presence of 
aluminum chloride, and containing 30.5 per cent, of iodine in firm organic combination. It is called 
pantopaque, and is considered to be inert, there having been no reports, thus far, of meningeal irritation. 
Less viscid and lighter than lipiodol, but heavier than spinal fluid, it is more easily aspirated from the 
spinal canal. In the authors’ experience, it is satisfactoiy for spinal m 3 'elograph 3 L The details of intro- 
duction and of examination are given. In the removal of pantopaque b}' the authors’ method, no effort 
is made to aspirate suction “since in so doing the nerve roots are frequent!}’- pulled against the needle 
and cause pain as well as block the exit of the oil”. The needle, introduced squai-ely in the mid-line, is 
left in place during the examination and during the removal of the pantopaque. 

For removal, the craniad portion of the column of oil is flowed beneath the tip of the needle, the 
stilette is removed, and spinal fluid bubbles out of the needle. The patient is then told to take a deep 
breath, and then bear down as though attempting to move his bowels. This is Valsalva’s well-known 
experiment of forced expiration against a closed glottis, and has the effect of increasing intraspinal pres- 
sure. During this manoeuvre, the whole column of opaque oil moves craniad from 0.5 centimeter to as 
much as five to eight centimeters, and it becomes narrowed. These changes result from engorgement of 
the venous ple.xuses surrounding the dura. The thinner spinal fluid is displaced, leaving the oil in more 
intimate contact with the tip of the needle. The Valsalva manoeuvre is repeated until all the oil is re- 

jnoved, usually within twenty minutes — the table being readjusted to keep the oil beneath the needle 

tip. All but a few drops of oil can be removed in this way. 

The advantages of pantopaque over other contrast media are; increased fluidit}', leading to more 
easy removal; lack of irritation; and absorbabilit}^ usuall}’- three cubic centimeters within a year. 

Myelography is probabfv necessar}’- onl}' in those cases in which clinical signs of disc protrusion 
are not unequivocal, and in the identification of multiple protruded discs.— Edward N. Reed, M.D., Santa 
Moiiica, California. 


nsTFOPOROSis CIRCUJISCRIPTA Cranii : Its Pathogenesis and Occurrence in Leontiasis Ossea and in 
H™ar.athyroidism. Frank Windholz. Radiology, XLIV, 14. Januaiy 1945. 

Osteoporosis circumscripta cranii was first described by Schuller as large, irregular, circumscribed 
areas of osteoporosis in the cranium. Sosman demonstrated a histological relation.ship between osteo- 
• • anrl Pa-ret’s disease. Fora time this evidence seemed to be corroborated, and the 
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phase Tvith the productive phase held in abe3'ance”. Schmorl first noted both gross and microscopic 
changes, which he considered to be a lesult of circulatorj- disturbances; the3' resembled hemorrhagic 
infarcts, rather than the anatomical changes found in Paget’s disease. A third histological picture was 
noted b3' Schellenberg, one w hich resembled osteitis fibrosa 

Of the published cases of osteopoiosis circumscnpta, 60 pei cent, have been associated with Paget’s 
disease, and 20 pei cent nith leontiasis ossea, or bonv tumors of the mavilla. In a case m which osteo- 
porosis nas associated with a condition beheied to be leontiasis ossea, the latter was iariousl3' inter- 
preted as leontiasis ossea, Paget’s disease, osteitis fibrosa, osteofibroma, and osteoma Recentl3', the author 
obsen ed a case of osteoporosis circumscripta witli histolopcalb' venfied leontiasis ossea (Virchow t3'pe) . 

Three cases are piesented, two of leontiasis ossea, and one of h3'perparath3Toidism. One case was 
that of the Virchow t3pe of leontiasis ossea The histological pictuie was studied from a gum biops3'. 
This re\ ealed “Complete transformation of the bone tissue with h3'perplasia due to osteoblast actimt3' 
and simple metaplasia; fibrous bone marrow contaimng inflammatoiw' cells and capillar3' blood vessels; 
bone resorption b3’ osteoclasts with formation of small canties ” Xo l^'perplasia or h3’perostoses were 
seemn the \ault It was felt that the lault changes (osteoporosis) were secondaiw' to the leontiasis ossea, 
but not mtimateh" and topicalh’ connected with it 

Pathologicall3', two t3’pes of osteoporosis are known; one represents circulator3" disturbances, with 
hemorrhagic changes and decalcification, and the other, Paget’s disease. The hemorrhagic form ma3" be 
considered a prunitn e non-specific reaction common to man3' diseases of the cramum, and one which 
ma3’ be followed b3' the charactenstic mosaic structure and fibrous bone marrow of Paget’s disease. 

The second case described was one of fibrous osteod3’stroph3' which chmcalh' resembled leontiasis 
ossea There were extensile h3'perostoses of the cramum. surrounded b3' wide areas of osteoporosis, 
gii mg the impression that the osteoporosis was a change largeh' ini olnng the vault 

The third case was one of hvperparatlu’roidism, proi ed b3' the remoi al of a parath3 roid adenoma, 
which weighed sei en grams The localization and outline of the osteoporotic areas closeb' followed those 
of Paget’s disease The3' developed fii e i ears after the first cramal changes thus suggesting a circulatoiw' 
disturbance 

The pathogenesis of these lesions lies in circulator3' disturbances caused b3' space-occup3nng lesions 
near the base of the skull or in the facial bones Serial microscop3' of biopsi' specimens rei ealed obliter- 
ated blood \ essels runmng into areas of quiescent bone tissue with no cellular reaction about the lamellae 
Areas of pnmitii e osteoporosis ma3’ undergo structural transformation corresponding to the demands of 
the statics of the i ault 

Osteoporosis circumscripta cannot be legarded as a t3pe or phase of Paget's disease or of an3’ other 
disease entit3' It occurs most often m Paget’s disease, however, and frequenth- ma3- be transformed into 
it The "primitii e" form of osteoporosis circumscripta is a characteristic reaction of the bones of the 
cranium, and is probabb' caused b3' circulatoiw' disturbances in the presence of bon3' h3-perplasias or of 
bon3- tumors near the base of the skull — William H Wnght, M D , Santa Monica, Calijornia. 

La abtritis deforuaxte de las extbeuidades ixfebiores (Degexeb atete Arthritis ix the Lower 
Extremities). R. ArgueUes. Remsta Espanola de Cirugla, Traumalologla y Orlopcdia, I, 97, 1944. 
Arguelles reidews the progress which has been made in the stud3' of degenerative arthritis in the lower 
extremit3'. Degenerath^e arthritis does not occur m articulations wath normal form and function. It is also 
important to have the joint habituall3' used midwa3' between the extremes of motion. In the hip, congenital 
abnormalities of the hip joint are among the chief causes of degenerative arthntis, congenital subluxation, as 
Calot has shown, leads to degenerath-e arthritis in later life. In the knee, genu A’arum or genu A-algum, often 
insignificant in amount, leads to the formation of degeneratiAe arthritis The deformities mentioned b3’ 
Jansen, “genu impressum” or “patella alta.’’, ma3’ act as causative factors. The disease is often associated 
with flat feet, the bones of the foot under the weight-thrust go into internal rotation, then degenerative 
arthritis sets in in the mid-tarsal and astragalo'caphoid joints 

In treatment the author adAoses correction of static alterations A brace can be used for genu A-arum or 
genu A’algum The hip can often be treated surgicall3'. Osteotom3' after the manner of McMurra3' is the 
usual procedure. If A’er3' scA-ere pain is present, 3 nk 3 -losis is adA-ised, but this can be u'od onb’ in umlatera 
cases ArthroplastA- represents an ideal procedure in bilateral cases, but does not alwaAt relieie pain — 

John G Killin'!, MD , Boston, Ma^mchii^rtl'i 

Tumeurs maligxes DU squelette histiocato-sarcome et tumeur d'Eaaing (Malignant Tumors or 
THE Skeleton Histioctto-Sarcoma and Ewun'c's Tumor) P. Lombard and J Montpellier Rcinic 
d Orthopedic ct do Chirnrgic de I apparcil ^^otrltr, XXVI 717. 1939 

The authors report a ca=e of bone tumor, aaIucIi thc3’ beliCAe had not been identified at the time of 
their description TIica- aho report a ca-e of Ewme's tumor In AvaA- of compan-on 

The interpretation of this new tA pe is comeiAhat difficult It re-cmblcs the ncopla-m recentlv de- 
senbed b3’ Laffargiie as “hisfioc3 to-sircoma” of the skin of the brea-t Tiie authors beliet e that the tiimo- 
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is a reticulosarcoma of tlie bone marrow with a simultaneous fibroo 3 'tic and liisfiocytic giant-celi evolu- 
tion. 

The}'^ give the following cIas.sification of reticulo-sarcomata: 

1. Undifferentiated (Ewing’s tumor) ; 

2. Partlj'^ differentiated; 

3. Differentiated: a. Ileticuloc 3 dic; b. Reticulo-endothelial ; 

4. Progressing: a. Fibrocytic; b. Histiocytic; c. L 3 ’mphoblnstic; d. M 3 'cloblastic; e. Eo'throblastic; 

f. Plasmoc 3 ’'tic ; 

5. Metaplastic sarco-endothelial ; 

6. Complex (mixed) or intermediary. 

The report is of unusual interest. — E. Kaplan, M.D., Nciv York, N. F. 

The Dual Plate, No Cast, Internal Fixation of Shaft Fractures. Louis W. Breck and W. Compere 

Basom. Southern Medical Journal, XXXVII, 582, 1944. 

In the dual-plate method, emplo 3 'ed b 3 '’ the authors, one set of screws or bolts is used to fix two 
piates across the site of the fracture. No cast is nece.s-saiy, as this method secures rigid fi.xation. It is 
especially useful in the lower third of the tibia, where non-union frequentl 3 ' occurs. A special jig is used 
to be sure the screws go in at right angles. One ease of a simple, ol)!ique fracture at the junction of the 
lower and middle thirds of the right tibia and fibula is repoiied and is illustrated. Six weeks after fi.xa- 
tion, roentgenograms showed beginning union, and full weight-bearing was started. Three months later, 
good union was demonstrated.— Fred G. Hodgson, M.D., Atlanta, Georgia. 


Isthmus Defects of the Fifth Lumbar Vertebra. R. Beverb’’ Rane 3 '. Southern Medical Journal, 

XXXVIII, 166, March 1945. 

An isthmus defect of the fifth lumbar vertebra ma 3 '^ be unilateral or bilateral. This defect is a 
significant factor in the cause of backache. It is not uncommon, as shown b 3 ’’ roentgenograms and ex- 
amination of skeletons. It is found in about 5 per cent, of skeletons examined, from different countries 
and in various races. In a series of 300 patients complaining of low-back pain, xvith or without sciatica, 
it was discovered in ninet 3 "-four, or 31 per cent.; in sixt 3 '-three the defect was bilateral. 

The gross appearance of the tissue within the defect is that of fibrous tissue. Microscopic examina- 
tion shows fibrous tissue and a gradual transition between it and the bone on either side of the defect. 
The spinous process is hypermobile, especially in bilateral cases. The cause is supposed to be congenital, 
or possibly a fracture sustained at birth. The chief complaints are low-back pain, weakness, and stiff- 
ness. Pain is increased by mechanical stress. Involvement of nerves of the lower extremities may be 
evidenced by radiating pains, usually sciatic in distribution, accompanied at times by areas of numbness 
and tingling. Muscle spasm and tenderness of the low back ma 3 ' be present. If the nerves to the lower 
extremities are affected, ph 3 ^sical signs ma 3 ' include decreased reflex responses, and even muscle iveak- 
ness. Roentgenographic e.xamination is most important, especialb^ oblique projections. 

Treatment in most cases should be conservative, with a firm mattress and a fracture board at night. 
A plaster body jacket or a strong, welJ-fitted corset is advised for ambulatory use; heat and massage 
for relief of pain, together with graded exercises to improve posture and muscle strength. Removal of 
foci of infection, and administration of large doses of vitamins help in some cases. Spine fusion is rec- 
ommended for patients not reliei'ed bj^ conservative measures. — Fred G. Hodgso?i, M.D., Atlanta, 
Georgia. 


Traumatic Osteochondritis of the Patella. Francis J. Cox. Surgery, XVII, 93, January 1945. 

The author states that diffuse osteochondritis of the patella can result from trauma, and he reports 
six such cases. Following trauma, the acute s 3 'mptoms subside, and for weeks or months the knee is ap- 
parently normal; then appears a low-grade chronic effusion with pain and discomfort, and locking or 
snapping. The average duration of symptoms in these cases was 13.2 months. The author performed a 
patellectomy, and found softening and fissures of the patella with a 3 mllowish articular cartilage. There 
were thickening, hyperaemia, and villous degeneration of the 33movial membrane, usually confined to 
the suprapatellar pouch. Increased fluid was found, as well as pannus formation at the edges of the 
articular cartilage of the patella and the femoral condyles. 

The patellectom 3 '' performed on these si.x patients entire^' reliei'ed and alleviated the .s 3 mptoms, 
and resulted in the disappearance of the inflammatori' changes of the s 3 movial membrane. — Lee M. 
Cattail, MD., Chicago, Illinois. 


Treatment of Tendons in Finger Amput.ations and Description of a New Instrument. George V. 

Webster. Surgery, XVII, 102, Januarx- 1945. . , , , e a i , , 

Commander Webster discusses the attachment of the tendons of the finger and the treatment of 
tendons in amputations. He states: “Flexor tendons need not be sutured to bone or tendon sheath in 
clean cases and must not be overlapped and sutured over the end of the bone to the extensor ten- 
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-dons”. It is better to allow the tendons to retract within the sheath. The author recommends that, if the 
wound is contaminated, the tendons be anchored at the point of amputation, and the tendon sheath be 
left open to avoid spread of the infection. Such tendons often become adherent and cause loss of function. 
In such cases, thej' should be excised. A tendon stripper, suitable for freeing such tendons, is described. — 

Lee M. Caltell, M.D., Chicago, Illinois. 

The Conservath'e and Operativ'e Treatsient of Lesions of the Intervertebral Discs in the Low 

Back. J. Albert Key. Surgery, XVII, 291, February 1945. 

Dr. Kej' believes that more and more of the sj'mptoms, previously attributed to sacro-iliac or lum- 
bosacral strains, arthritis, subluxation, the lumbosacral facet sjmdrome, or postural strains of the low 
back, are really due to lesions of the intervertebral discs in this area. The author divides patients with 
low-back pain into three groups: 

1. Ambulatory patients are treated b3' support to the low back, manipulation, stretching, and cor- 
rection of the bod3' mechanics b3^ exercise, a hard bed, vitamin B, weight correction, salic3dates, and a 
change of occupation if necessar3L 

2. Bed patients are those whose symptoms are so severe that the3' are not able to cari^' on their 
dail3' routine. Man3' of these people must now be treated at home, rather than in a hospital. The au- 
thor recommends bed rest on a rigid bed with flexion of the lumbar spine, local heat, hot tubs, and exer- 
cises, with medication for pain as necessar3'. Occasional^' manipulation under anaesthesia ma3' be used. 

3. Surgical patients are those patients for whom an adequate program of conservative treatment 
has been tried and proved unsuccessful. For such patients surgical removal of the herniated nucleus, 
with or without spine fusion, is recommended. The author describes the operative technique in detail. 
In 120 consecutive operations for ruptured intervertebral discs, the author reports onb’ one fatal case. — 

Lee M. Cattell, M.D., Chicago, Illinois. 

Vascular Insufficiency of the Lower Extremity Due to Osteoma of the Femur. Robert M. Rankin. 

Surgery, XVII, 419, March 1945. 

The author reports a case of a white male, fort3'-eight 3’ears»of age, who complained of progres- 
sively severe intermittent claudication. This was relieved b3' the removal of an osteoma of the femur, 
which had been compressing the femoral artery and vein for at least four 3'ears. There was secondar3' 
arteriosclerosis present at the site of the compression. S3'mptomatic relief following surgery was dra- 
matic, despite the failure of the arterial pulsations in the foot to return to normal. — Lee M. Cattell, 
M.D., Chicago, Illinois. 

Bone Regbner.wion Following Osteomyelitis. Laurence H. Ma3’ers. Surgery, XVII, 463, March 1945. 

The author reports a human bite of the left middle finger in a male, fort3' 3'ears of age, w'hich 
caused osteomyelitis. P3'0genic organisms, spirilla, and anaerobes were all cultured from the wound as 
the case progressed. By frequent roentgenograms the progress of the destruction and the regeneration 
of bone was carefully followed. Treatment covered the conventional range and was all directed toward 
giving the phagoc3'tic type of cell a chance to work to the maximum advantage. The finger was re- 
opened five weeks after the initial wound, and a small amount of necrotic tissue was found. It was five 
and a quarter months before there was roentgenographic evidence that the bone atroph3’ had disap- 
peared, and the cortex was commencing to reappear. This patient has a usable finger, although the ter- 
minal joint is partial^' ankylosed. — Lee M. Cattell, M.D., Chicago, Illinois. 

A Newer Method in the Treatment of Fractures of the Os Calcis. Ben L. Schoolfield. Texas Stale 

Journal of Medicine, XL, 294, 1944. 

A method for internal fixation of fragments and for reduction of lateral displacement in fractures of the 
body of the calcaneus is described. 

A vise, adequately padded, is applied and screwed up firmb' over the sides of the displaced fragments just 
below the tips of the malleoli. The lateral displacement is reduced and checked roentgenographicalb'. A 
Steinmann pin is then introduced through the middle of the posterior surface of the heel. It is directed 
obliqueb' forward and upward. Any upward tilting of the posterior fragment is corrected b3' depressing the 
drill and pin, after which the pin is driven into the anterior fragment for fixation. The \'ise is then removed, 
and a padded plaster-of-Paris dressing is applied to the limb, from the toes to just below the knee. During ap- 
plication of the plaster, the posterior part of the heel is depressed to maintain alignment, the forefoot is de- 
pressed in countertraction, while the foot is fixed at a right angle to the leg with a mild varus tilt. 

After six weeks the cast is removed. If union of the fragments appears to be progressing, the Steinmann 
pm IS taken out; othenrise it is left in and the plasteris re-applied. Union is determined b3' roentgenogram. 

Some swelling of the foot and ankle, irith localized tenderness, ma3' be expected. Weight-bearing is al- 
lowed when solid union has taken place. 

The author has treated several cases of fracture of the bod3' of the calcaneus in the past two 3'ears. with 
satisfactor3' results in all. 
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In some cases where the fracture line has penetrated the subtalar joint, traumatic arthritis has been ob- 
served, the result of improper reduction and fixation. Such an end result is unlikely, if restoration of the 
joint surfaces has been carried out along anatomical lines 

Fractukes of Transverse Processes of Lumbar Vertebrae. Jesse T. Nicholson and John H. Allan. 

United Stales Naval Medical Bidlelin, XLII, 7S0, 1944. 

The authors cite nineteen cases of fractures of the transverse processes of the lumbar vertebrae 
treated aboard a hospital ship by local injections of procaine, and early mobilizing exercises. They con- 
sider the local contusion and tearing of muscle structure the important pathology. The quadratus lum- 
borura originates from the crest of the ilium, and is inserted into all five lumbar transverse processes 
and into the twelfth rib. The iliopsoas also arises from all five vertebrae, and is inserted into the lesser 
trochanter of the femur. All previous treatment has included prolonged rest in bed, plaster jack- 
ets, braces, and inactivit 3 ’', work being out of the question for three to six months. The authors stress 
the importance of getting men back to active duty on board ship. 

In the authors’ cases, the transverse processes most frequent^’- injured were those of the second, 
third, and fourth lumbar vertebrae. Treatment consisted of thorough infiltration of the soft tissues 
around the affected area with ten cubic centimeters of a 1 per cent, solution of procaine. This was done 
every three days for four doses. Immediately following these injections, the patient performed exercises, 
such as (1) raising his back and shoulders up from the prone position, (2) rotating his shoulders first to 
the right and then to the left, while in a sitting position, (3) lateral bending, (4) touching the deck with 
his fingers from a standing position. Each of the exercises was done fifteen times, and was repeated 
twice daiIJ^ 

The authors base their good results on Leriche’s theory that procaine (1) eliminates the reflex arc 
of pain, (2) activates earlj’^ mobilization, and (3) interrupts vasomotor phenomena. They claim that ac- 
tive motion eliminates the scar which is brought about by exudate around the nerves and muscles. — 
A. J. Langan, M.D., loiva City, Iowa. 

Gramicidin S and Its Use in the Treatment of Infected Wounds. G. F. Gause and M. G. Brazhnikova. 

War M edicine, VI, 180, 1944. 

Gramicidin is one of the newer and as yet little used agents in the treatment of infections. The technical 
name for this substance, tjTothricin, is gradually becoming more nidely accepted. The substance is e.x- 
tracted from the bacteria of certain soils. Apparently there are several different variations including gram- 
icidin prepared by Gause and Brazhnikova, tyrothricin, gramicidin of Dubos, and tirocidine hydrochloride. 
Gramacidin S, described in this article, was found to be highly bactericidal for staphylococci, streptococci, 
pneumococci, and the more common gas-producing bacilli. 

The substance is as toxic as tyrothricin. It is used in the same way for local application to infected 
wounds . — Edward L. Compere, M.D., Chicago, Illinois. 
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SURGICAL OBLITERATION OF BONE CAVITIES 
FOLLOWING TRAUMATIC OSTEOMYELITIS 

BY LIEUTENANT COLONEL MARVIN P. KNIGHT AND MAJOR GEORGE O. WOOD 
Medical Corps, Army of the United States 
From the Orthopaedic Section, Crile General Hospital, Cleveland, Ohio 

One of the most serious reconstruction problems in War casualties is the treatment of 
hone cavities associated with loss of skin and soft tissue, following infected compound 
fractures. Especially has difficulty been encountered in the handling of large bone defects 
in the tibia and the femur in the vicinity of the knee. 

The destructive nature of war missiles results in severe loss of bone substance, fol- 
lowed by a varying degree of infection and dense scar formation. The bone cavity is 
reluctant to heal, and the tissue is subject to necrosis and recurrent inflammation. Fur- 
thermore, the bone is usually so weakened that full function cannot be resumed ; and, even 
if union occurs, refracture is imminent unless the bone is reinforced by a graft. Bone- 
grafting is contra-indicated in the presence of granulation or scar tissue, and is hazardous 
without adequate skin coverage. In spite of the usual methods of closed plaster treatment, 
sequestration, and chemotherapy, a large depressed cavity persists with thin adherent 
scar and incomplete union. Some patients have required a permanent brace, while others 
have been subjected to a collapsing operation, with resultant shortening or even am- 
putation. 

The authors have adopted a procedure which expedites healing, and obliterates these 
cavities in the long bones of the extremities. 

The program consists of early and complete sequestrectomy, followed ordinarity in 
about seven days bj^ the application of a split-thickness skin graft as a dressing, applied 
meticulouslj’^ into the depths of the saucerized area. 

This procedure effectivety converts the infected wound into a closed fracture, so that 
the wound remains healed and dry. However, there still remains a defect in the bone, 
Much seriously impairs its strength, particular!}' important in the weight-bearing require- 
ments of the lower extremity. Bone does not regenerate beneath these adherent split- 
thickness grafts, and the defect remains essentially the same size, in spite of the natural 
tendency of the soft tissue to contract. In most instances, at the time of bone-grafting, it 
has been found necessarj' to replace a split-thickness skin graft with a full-thickness graft 
by sonic plastic method, in order to ensure the success of the procedure. 

In the past, attempts have been made to obliterate septic bone cavities by the intro- 
duction of antiseptic paste, preparatorj' to a pedicle graft of fat or muscle. Pedicle skin 
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grafts also have been introduced, in an effort to secure an epithelial covering without any 
attempt at obliteration of the cavities. The result of these efforts has been variable and 
frequently unsuccessful. In the present series, therefore, these cavities have first been 
thoroughly cleansed, then lined with split-thickness skin, which was later removed. Fi- 
nally the cavities were obliterated by the application of the bone graft and simultaneous 
covering with stable full-thickness skin. Experience with a limited number of cases in- 
dicates that even severe lesions of this character can be cured by a three-stage program 
of (1) thorough sequestrectomy and excision of the scar, (2) early split-skin gi’afting, and, 
finally, (3) bone-grafting followed by the immediate application of a full-thickness pedicle 
skin graft. 


DETAILS OF THE STAGES OF THE PROCEDURE 

The First Stage: Sequestrectomy and Preparation of the Cavity 

This first stage is planned and carried out so that the resultant wound will be adapt- 
able to the early application of a split-thickness skin graft, and so that the final scars will 
be advantageously placed. All non-viable bone and bone of questionable viability should 
be removed; and the fracture site should be saucerized, so that granulation tissue will cover 
the bone surfaces. An attempt is made to preserve any union which may be present, but 
occasionally minimal fibrous union must be sacrificed. For obvious reasons, all cicatricial 
soft tissue in the region of the fracture is excised as completely as possible, and, in the 
event that a joint is involved in the osteomyelitic process, the cartilage is similarly re- 
moved. The wound is packed open with vaseline gauze, and the affected extremity is pro- 
vided with plaster immobilization, pending subsequent operative procedures. 

After five to seven days, the wound is inspected, and its suitabilit}^ for skin-grafting 
is determined. Usually it is healthy with a very thin layer of granulation tissue overtying 
the bone surfaces; but occasionally, in those cases in which suppuration has been allowed 
to continue over a period of time sufficient to produce extensive soft-tissue fibrosis and 
bone sclerosis, the outward growth of granulations over the eburnated bone surfaces will 
probably be slow. In these cases, grafting must be deferred until the bone is covered with 
the minute granulations necessary for a successful skin-grafting. With the gradual accu- 
mulation of experience, the saucerization stage can be improved so that this difficulty be- 
comes minimal. The unusual period of time which has elapsed between stages in some 
cases in this series may be explained by the duration of the osteomyelitis before this 
method of treatment was instituted, the degree of osteosclerosis about the fracture site at 
the time of primary operation, and the lack of experience necessary to determine adequately 
the proper method of dealing with this type of reconstruction. 

The Second Stage: Application of Split-Thickness Skin Graft 

The use of the Padgett dermatome enables the operator to obtain without difficulty 
grafts of predetermined thickness, and to provide sufficient skin to cover the largest sau- 
cerized areas. This graft, preferably .010 to .016 of an inch thick, is obtained from the 
most convenient source, and its rubberized epithelial surface is lightly dusted with sterile 
powder to prevent adherence to the dressing. The recipient area is prepared by curettage 
of the gi-anulating surface, with removal of any tissue which is oedematous or avascular. 
The graft is then applied to the saucerized area, and is fitted into the depressed, irregular 
bone cavity by shaping the thin sheet of split skin into an irregular blunt cone. The graft 
margins are sutured to skin edges, and a pressure dressing of machinist’s waste is meticu- 
lously placed from the bottom of the cavity outward, so that all recesses arc completely 
ond snugly filled to ensure intimate contact between the graft and the recipient area. 
The entire extremity is wrapped with an elastic bandage, and immobilization is carried 
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out by means of a splint or cast. Chemotherapy, consisting of penicillin with or without 
sulfonamides, is administered for two or three days postoperatively. The initial dressings 
are routinely remoA'^ed at the end of six days, and a plain vaseline-gauze dressing is applied. 
At this dressing, it is customarily found that from 80 to 95 per cent, of the skin graft has 
taken, and, not infrequently, the entire surface is completely covered with epithelium. 
Subsequently the wound is treated in the same manner as any skin graft, while proper 
attention is paid to immobilization of the underlying fracture. Physiotherapy is instituted 
for treatment of joints and soft tissues, as soon as the degree of healing permits. 

When the grafted surface has become completely epithelialized, and the graft is rela- 
th^ely stable, further surgery is indicated for the obliteration of the bone caiuty. 

The Third Stage: Obliteration of the Bone Caiuty with Autogenous Bone Chips 

The principal factors in the success of this stage are: 

1. Planning of suitable full-thickness coA’ering for the defect; 

2. Complete excision of the split-thickness covering from the depth of the saucer- 

ized area ; 

3. Procurement of a sufficient amount of bone chips to fill the cavity; 

4. CoA’ering of the chip-filled caifity with skin and subcutaneous tissue, in such 

a manner that tension is aimided. 

In planning the final skin covering for the defect, it is frequently possible to undercut 
the margins of the skin adjacent to the cavity, so that viable full-thickness skin may be 
closed over the cavity without tension. It has been found advisable, when possible, to plan 
the closure so that the suture line does not overlie the cavity, as it has been found that the 
incision apparently heals better when not placed directly over the recently filled cavity. 
Therefore, it is frequently necessary to elevate a double-pedicle sliding flap in the region 
adjacent to the caifity, and to shift the flap to relocate the suture line. These flaps may 
usually be shifted without delay, and their viability will usually be satisfactory, if the 
ratio of length to width does not exceed three to one. In most cases one flap is adequate, 
but occasionally it is necessary to raise flaps on both sides of the cavity. Rarely, after the 
flaps have been elevated, their circulation may not seem adequate, so that it becomes 
necessary to “delay” the procedure for two or three weeks and return the flaps to their 
original beds. Occasionally, when an extensii^e loss of surface coA'^ering has occurred, it 
may be necessary to migrate skin and subcutaneous tissue by the pedicle method from 
more distant sources. It is imperatiA^e, therefore, that skin flaps actually be prepared and 
tested OA’cr the defect, before any effort is made to excise the initial graft or to apply the 
bone chips. 

With satisfactory full-thickness coA'ering of the defect assured, it is safe to proceed 
with the excision of the split-thickness lining of the saucerized area. The medullary canal 
of both fragments is reopened, and the bone surfaces are scarified throughout. Autogenous 
bone chips are then procured from any conAmnient source in quantities sufficient to fill the 
caATty (the wing of the ilium proA'ides an excellent source) . These chips are transferred to 
the prepared caAdty, and the flap or flaps are shifted OA'er the bone-filled caA'ity. A split- 
thickness gi’aft, obtained from the thigh, is utilized to coA'^er the denuded area representing 
the former location of the pedicle flap. Pressure dressings of machinist’s waste are again 
carefully applied, and held Avith elastic bandages. Chemotherap 3 ’’ is continued postopera- 
tiA’ely for a period of three to Aa^c daj’^s, and the suture line and skin-flap coA'ering of the 
graft arc inspected on the sixth dajL 

As- soon as the sutures haA'c been remoA'cd, the extremitj' is immobilized according to 
the degree of bom' union AA-hich exists. 

A brief sjmopsis of cases treated bj' this method, in a series of patients v-ounded in 
combat, is summarized in Table I. 
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Fio 1-C Fio 1-D Fia 2-C Fra 2-D 

Fik l-C HoonlgonoKi im of bone cavity aftci ‘JUKcu/ation, prim to Fig 2-C Roentgenogram showing structural weakness prioi to final- 

fin il-sl igc opi I ilioii stage opciation 

1 ig 1-1) lloLiilgcnogt im following insertion of chips ftom ilium and Fig 2-D Postopciatn c locntgcnogiam of chip-filled cavity in fcmui, 

jilastic icpiii. showing solid union, clinically fnm 
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Fig. 3-C Fig. 3-D Fra. 4-C Fra. 4-D 

FIk. 3-C: RooniKcnogram showing skin-linccl bone cavity (filled with Fig. 4-C: Roentgenogram before reconstruction with bono chips, 

baiiiim .-iilfiite (o .■.how the depfli of the cavity). Fig. 4-D; llocntgcnogram after reconstruction with bone chips. 

Fig. 3-D: Uoentgenograin showing cavity filled with bono chips from 
the ilium. 
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Fid. fl-A Fid. G-B ' Fia. 7-A Fia. 7-B 

Fin. G-.\; Uoi'iitdi'iioKiam showing proximit.y of oavily to knee joint. Fig. 7-A; Recent case, sliowing deep wound from shrapnel. 

Fig. 0-1! : Koontgenogram .sliowing iiroscrvation of joint following inser- F’ig. 7-B; Showing rapid healing after insertion of bone chips, 

lion of ehip.s. 
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TABLE I 
SuMMAUY OF Casks 





Ini or vats 


Oblitera- 



Case 

Number 

Age 

Involved 

Bone 

Injury to 
initial 
step 

Seques- 

trectorn}' 

toS.T. 

graft 

GrafI 
to final 
opera- 
tion 

tion of 
Boip’- De- 
fects by 
Bono 

Soft-Part 

Healing 

Complications 




Months 

1 

Days 

Weeks 




1. 

23 

Tibia 

2 

17 

12 

Complete 

Complete 

Hematoma (evacuated). 

2. 

28 

Tibia 

2 

19 

14 

Complete 

Complete 

None 

3. 

25 

Tibia 

1.5 

37 

7 

Complete 

Complete 

Hematoma (aspirated). 

4. 

29 

Femur 

5 

44 

9 

Complete 

Complete 

None 

5. 

25 

Tibia 

1.5 

11 

8 

Complete 

Complete 

None 

6. 

20 

Tibia 

4.5 

14 

15 i 

Complete 

Complete 

None 

7. 

24 

Tibia 

1.5 

36 

12 1 

Complete 

Complete 

None 

8. 

23 

Tibia 

6 

14 


Complete 

Complete 

None 

9. 

29 

Tibia 

5.5 

29 


Complete 

Complete 

None 

10. 

19 

Femur 

5 

18 

9 

Complete 

Complete 

None 

11. 

25 

Femur 

4.5 

19 

8 

Complete 

Complete 

None 

12. 

21 

Tibia 

6 

12 

6 

Complete 

Complete 

None 

13. 

23 

Femur 

6.5 

10 

7 

Complete 

Complete 

None 

14. 

27 

Tibia 

4 

8 

9 

Incomplete 

Incomplete 

Suppuration present 
(bone chips viable). 

15. 

22 

Tibia 

3.5 

7 

5 

Complete 

Complete 

None 

16. 

28 

Tibia 

3 

S 1 

8 

Complete 

Complete 

None 

17. 

30 

Tibia 

2.5 

9 1 

7 

Complete 

Complete 

None 

18. 

23 

Femur 

3 

10 

« 1 

Incomplete 

Incomplete 

Draining sinus near 
operative site. 

19. 

25 

Femur 

4.5 

7 

8 

Complete 

Complete 

None 

20. 

21 

Tibia 

2 

8 

5 

Complete 

Complete 

None 

21. 

26 

Tibia 

3.5 

9 

7 

Complete 

Complete 

None 

22. 

27 

Tibia 

3 

10 1 

6 

Complete 

Complete 

None 

23. 

21 

Tibia 

2.5 

7 

9 

Complete 

Complete 

None 


Average 24 Tibia 17 3.5 16 8.5 

Femur 6 


SUMMAKY 

A method of treatment has been described for the obliteration of large bone cavitieS; 
following traumatic osteomyelitis in compound fractures. This method consists of three 
stages: (1) adequate sequestrectomy ; (2) application of split-skin graft; and (3) excision 
of the initial skin graft, application of bone chips, and transfer of a full-thickness skin 
graft. 

Thus far, of the twenty-three cases reported, the u’’ounds in all but two cases have 
entirely healed. Bone sepsis has been eradicated in all cases of the series; and in all, the 
defects have been eliminated. There has been no sequestration of any of the chips, and no 
roentgenographic evidence of osteomyelitis following the insertion of the bone chips. In 
the two cases in which healing is not complete, the bone defects have been eliminated, 
bony union is solid, but the soft-tissue healing is not sound, because of error in the skin- 
graft technique, resulting in inadequate blood supply. Careful planning of the full-thick- 
ness skin-grafting will ensure sound healing. 

Note: Expressions of appreciation are due Mr. L. R. Jolinson of Cleveland, Ohio, for his untiring 
effort in taking and producing the photographs. 
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TREATMENT OF BENIGN GIANT-CELL TUMOR IN 
THE LOWER THIRD OF THE FEMUR BY CURETTAGE 
AND “TELESCOPING” THE FRAGMENTS OF BONE “ 

BY ROBERT AV. JOHNSON^ JR., M.D., AND JOHN LYFORD, III, M.D., BALTIMORE, MARYLAND 
From the Division oj Orthopaedic Surgery, The Johns Hopkins Hospital, Baltimore 

Included among the conservative surgical procedures for treating benign giant-cell 
tumors in the lower third of the femur are resection of the involved area, followed by bone- 
grafting, and curettage and chemical cauterization, with or without the filling of the cavity 
with bone chips. 

Since about 40 per cent, of all giant-cell tumors of bone occur in young adults, treat- 
ment which permits removal of the gi'owth, and yet retains mobility of the knee, is desirable. 
Often, the cortical shell about the tumor is so thin that fractures occur; or the cavity is so 
large that the healing process is exceedingly long. 

In 1936 a patient came to us suffering from a giant-cell tumor of the femur, which had 
undergone rapid enlargement during a recentty concluded pregnancjL Extensive destruc- 
tion had spread to the joint surface of the condjdes, and a pathological fracture had al- 
ready occurred. It was an especially difficult case, because the patient had to return very 
soon to her home in the Venezuelan oil fields, where her husband was employed. Therefore, 
any cure which we might be able to effect had to be as certain as possible, and every effort 
had to be made to retain function of the leg and knee joint, because in the isolated district 
where the patient’s home was located medical attention would be practically unobtainable. 

. For a time, it seemed to us that amputation would provide the only solution. How- 
ever, in an attempt to prevent this, we performed our first “telescoping” operation. This 
met with such prompt and permanent success that we have since employed it in a series of 
five similar cases. The authors offer it as an excellent compromise between the extreme 
conservatism of grafting procedures and the radicalism of amputation, which has been 
resorted to in so many cases. 

OPERATIVE PROCEDLUE 

The operation is performed with a tourniquet. The involved area of bone in the distal 
end of the femur is exposed, and a window is cut in the thinnest part of the cortex. Through 
this opening, the tvmror is removed by curettage, care being taken not to break through 
the articular cartilage into the knee joint, or through the posterior cortex. All soft tissues 
are carefully protected by sponges, and the cavity is cauterized with pure phenol, and 
washed out with alcohol. The remaining cortex is then carefully osteotomized, and the 
distal fragment is forced up around the end of the shaft of the bone, thus telescoping the 
fragments and filling the cavity with the end of the proximal fragment. Chromic catgut 
sutures are used to close the cortex and the periosteum as tightly as possible, to reapproxi- 
mate the muscles, and to close the fascia tightly. The skin is closed in the usual manner. 
No packs or drains are used. A plaster hip spica is applied with the knee partialh* flexed. 
The tourniquet is removed after the cast has been applied to the leg. 

The results in the cases in which this method was employed have been gratifying. 
There have been no instances of unusual bleeding, and no infections. Function of the knee 
after healing is good, and full weight-bearing on the leg is obtained. There is shortening 
of the leg by one to three inches ( 2.5 to 7.5 centiinetersL depending upon the size of the 
cavity, but this is easily corrected by a lift on the shoe of the affected side, or even by 

, . * Prep-wed for presentation at the Meeting of The .Aniencan Orthopaedic Association. May 1945, 
"Inch w.as c.ancellcd in compliance with the request of the Office of Defense Transportation. 
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Fig. 1-A 


Fig. 1-B 


Case 1. Preoperative anteroposterior and 
lateral roentgenograms of the left knee, show- 
ing tumor involving tlie distal end of the left 
femur, but with the articular cartilages intact. 


Roentgenograms of the loft knee two months 
after operation, showing resection of the tumor, 
telescoping of the fragments, and the articular 
cartilages .still intact. 



Fig. 1-C 

Anteroposterior and lateral roentgenograms three 
years and nine months after operation, showing left 
knee with good healing of fragments and no evi- 
dences of recurrence of the tumor. 

operative shortening of the opposite leg. The 
healing time is somewhat longer than that for a 
comminuted supracondylar fracture of the femur. ' 

The position of the bone fragments is shown in t p . • 

^ j , Case 3. Preoperative anteroposterior 

the illustrations of the cases described. roentgenogram of the right knee, showing 

extensive multilocular tumor involving the 

C.S. 1. S. M., a white woman, twn.y-three yearn ^'JitTal.te'rinS”' 
old, had had pain and swelling in the left knee for seven 

months, and had lost ten pounds in weight. Physical examination revealed atrophy of the thigh and 
calf muscles of the left leg, and a flexion deformity of the left knee of about 20 degrees. The patient 
could fully extend the knee, but with pain. There was a fusiform swelling involving the entire circum- 
ference of the shaft of the left femur just above the distal epiphysis. Roentgenograms showed a large 
mass characteristic of a giant-cell tumor, involving the distal end of the left femur, but not affecting 
the knee* joint. On July 8, 1936, the tumor was removed by curettage and carbohzation ; the fragments 
were telescoped ; and the wound was closed without drains. Upon microscopic examination, the tissue 
removed at operation was found to be a benign giant-cell tumor. Serial roentgenograms revealed good 
1 ealing and four years after the operation the patient was living an active life in the tropic*, with full 
function'of the knee and leg. The final shortening was three-fourths of an inch. 

Case 2 I J a white woman, fifty-eight j'ears old, had noticed pain and a progressive swelling of 
• 1 t k eo Examination revealed a diffuse swelling of the right knee, and tenderne.ss and limitation 
f ” Unn ""poent venograms revealed a mass, characteristic of a giant-cell tumor, involving the distal 
°!,rtion Tf the right femur, but the articular cartilages of the knee were intact. On May 17, 1937, the 
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Fig. 2-B 


Lateral and anteroposterior roentgenograms of 
the right knee two months after operation, show- 
ing rejection of the tumor, telescoping of the 
fragments, and the articular cartilages still intact. 



Fig. 2-C 


Roentgenograms of the right knee three 
j'ears after operation, showing good healing 
of the fragments and no evidences of recur- 
rence of the tumor. 


tumor was excised b 3 ’ curettage, followed b.v cauterization of the cavitj’ with pure phenol. The frag- 
ments were telescoped, and the wound was closed tightlj' without drains. Upon microscopic examination 
the excised tissue was found to be a benign giant-cel! tumor. The postoperative course was uneventful, 
and on August 24, 1937, all immobilization was removed. The femur was clinicallj' solid, and roentgeno- 
grams showed firm bonj- union. The final shortening was one inch (2 A centimeters). 

Case 3. R. J. M., a white woman, twentj'-two j'ears old, fell on her right knee in Januarj' 1939, 
and had had persistent pain in the knee thereafter. In Februarj' 1940, she tripped again, and felt some- 
thing snap in her right knee. Roentgenograms revealed in the distal end of the right femur a mass inth 
the characteristics of a giant-cell tumor. The articular cartilages of the knee joint were intact. On Au- 
gust 2, 1940, the tumor was excised bj’ curettage, followed bj' cauterization of the cavitj- with pure phenol 
and telescoping of the fragments. Microscopic examination showed the excised tissue to be a bemgn 
giant-cell tumor. The wound was closed without drains. After nine weeks the femur was chnicallj' solid, 
and roentgenograms showed good bonj- union. Two j-ears later the patient nas bearing weight on the leg 
freelj'; there was satisfactorj- motion in the knee joint; and, upon roentgenographic examination, no 
eiddence of reactivation of the tumor was found. The final shortening was three inches (7A centimeters). 

Case 4. V. C. W., a colored girl, twentj’-eight jears old, had had pain in the right knee for eight 
months following a fall on the knee on Julj- 4, 1943. Plij'sical examination revealed a generalized swell- 



Fia. 2-A Fig 3-B 

Caoo 5. Preoperative roentgenograms, showing extensile destruction of cortex and meiiull.i b\ 
tumor. 
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ing about the right knee, most marked in the supraconds'lar area. Motion of the knee was limited to 
the range of 170 to S5 degrees. Roentgenograms showed a mass with the characteristic appearance of a 
giant-cell tumor occupying the distal end of tlie right femur, but not invading the knee joint. On March 
20, 1944, the tumor was removed b.v curettage, followed by cauterization of the cavitj’- with pure phenol. 
The fragments were telescoped, and the wound was closed without drains. The postoperative course was 
uneventful. Microscopic examination showed the excised tissue to be a benign giant-cell tumor. When 
the cast was changed twenty-four days after the operation, the wound was clean and well healed; and 
after nine weeks, union of the fragments was progressing satisfactbrilJ^ The final shortening was one 
and one-half inches (3.75 centimeters). 

Case 5. M. D., a white girl, twent 3 ’-five j-ears old, complained of pain in the left knee, and of the 
formation of a bon 3 ’- mass of tweh’e months’ duration. A marked increase in s 3 'mptoms had occurred 
during the past five months. The examination showed the knee to be swollen to one and a half times the 
normal size. There was a firm mass, extending from two inches (five centimeters) above the joint line. 
There was muscle atroph 3 ’-, and motion was restricted and had been painful since the patient had bumped 
the knee one month previous^’. There was no local temperature elevation. The roentgenograms revealed 
a large central tumor in the lower end of the femur which had broken through the cortex. 

Before the operation, x-ra 3 ' therap 3 ’ was given. The operation was performed on June 3, 1943. When 
the tumor mass was excised, it was found to have eroded part of the anterior cortex, the medial, and the 
posterior cortex. Through the posterior cortex it extended into the popliteal space. Following osteotom 3 ’, 
the shaft was telescoped into the condylar dead space, filling it well. Microscopic section showed a benign 
giant-cell tumor. The wound was closed tightly, and a cast was applied. Healing occurred per primam. 
The cast was removed on September 28, 1943, and the femur was healing well. The patient was discharged 
on crutches, and graduated weight-bearing was begun. At present the patient reports excellent function, 
and the final shortening is not enough to require shoe alteration. 

SUMMARY 

There has been described an operation for the conservative surgical treatment of 
benign giant-cell tumors in the distal end of the femur, in cases in which the articular 
cartilages of the knee joint are intact. This method permits removal of the tumor, and 
yet retains mobility of the knee joint and the full weight-bearing function of the leg. The 
procedure consists of obliterating the ca^uty by telescoping the fragments of bone, after 
removal of the tumor by curettage and chemical cauterization. To date the patients (all 
women) have accepted the shortening incurred, and have declined our offers to equalize 
length by operative shortening of the normal limb. 
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LOCAL CHEMOTHERAPY WITH PRIMARY CLOSURE OF SEPTIC WOUNDS 
BY MEANS OF DRAINAGE AND IRRIGATION CANNULAE ' 

BV Af. N. SMITir-PKTBKSKiV, M.D., 

CARROLL B. LARSON, M.D , AND WILLIAMS COCHRAN, M.I)., BOSTON, MASSACHUSETTS 
Fw7ii the OrLlinpaadic Dcpnitmcut, AfriKsachtiselti^ Gcncrnl Hospital, Boston 


INTRODUCTION 

The fundamental principle in the treatment of deep sejisis is the creation of a path 
or preferablj'- an avenue of escape for the accumulated products of infection. “Packing the 
wound open” is the method generally used to accomplish this purpose, but it has many 
drawbacks. Making a wound close from the bottom means a jirolonged period of healing, 
during which time there is bound to be considerable loss of serum from the gi’anulating 
surfaces; this fact alone is a serious objection to drainage by packing the wound open. 
Relatively frequent dressings, painful to the jiatient, and time-consuming for the surgeon, 
are another objection to the method. Partial primary closure of the wound is the logical 
answer to this problem. 

HISTORICAL BACKGROUND 

Development of Drainage and Irrigation Canmdae 

In 1934 the first “drainage and irrigation cannulae” (Fig. 1) were made for the Osteo- 
myelitis Service of the Massachusetts General Hospital. These were straight glass can- 
nulae, each with a flange at one end to prevent it from slipping out of the wound. After 
incision and drainage of an osteomyelitic area, two of these cannulae were inserted, and 
the wound was closed tightly around them. Rubber tubes were connected to the cannulae, — 
one leading to a bottle of irrigating fluid at the head of the bed, the other to a waste 
bottle on the floor. At regular intervals, irrigation fluid was allowed to flow through the 
wound until it came out clear; the rubber tube from the outlet cannula was then clamped 
off, allowing the irrigation fluid to accumulate in the wound before the rubber tube from 
the supply bottle was clamped off. Dakin’s solution was the agent used both for its cleans- 
ing and for its bacteriostatic effect. 

Several members of the Osteomyelitis Service did not look with favor upon this 
method -of treatment, and the orthopaedic surgeon responsible for the treatment did not 
feel any too confident; consequently, the cases treated in this manner were few and far 
between, and progress was proportionally slow. 



Fig 1 

Original glass drainage and iriigation cannulae 
(Februaiy 1934). 



Fig. 2 


Modified glass cannulae- ellipUcal, nock 
bent, stmt added (Apnl 1935). 
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It was soon found that the 
round glass cannulae allowed leak- 
age, and also caused pressure necro- 
1 sis of the skin edges. Furthermore, 
they teetered sideway, and were 
apt to slip down against the bony 
floor of the cavitjL These difficul- 
ties were gradually overcome; the 
cannula was made elliptical to avoid 
leakage and pressure on soft parts 
(Fig. 2), the neck of the cannula 
was bent at a right angle and a 
strut was added. These changes 
permitted stabilization of the can- 
nula by providing space in which to pack gauze between the skin and the neck and strut 
(Fig. 2). Glass was not ideal because of the possibility of breakage; so, in 1938, the first 
vitallium cannulae were made (Fig. 3) . Only minor changes in shape and caliber have 
been made since that time. 

hrigation Fluids and Chemotherapeutic Agents 

Dakin’s solution has been used extensively from the very first, and even now it is often 
substituted temporarily for other chemotherapeutic agents. 

Silver-pectinate solution has been used in a limited number of cases as a local chemo- 
therapeutic agent, but not as an irrigation fluid. 

Penicillin has been used for the last year. The system of two drainage and irrigation 
cannulae has been found to be a very practical way of introducing the penicillin locally 
" (Figs. 4 and 5) . 

TECHNIQUE 

*■, After primary closure of the wound around the cannulae, gauze sponges are packed 

^ between the skin and the neck, as well as between the skin and the flange or strut (Figs. 6 
and 7). This packing stabilizes the cannulae and prevents them from teetering; it also 
^ keeps the deep portions of the cannulae awaj”^ from the floor of the septic area. Additional 
dressing is applied, and held in place by an elastic bandage. By introducing a certain 
'I number of cubic centimeters of air through a syringe, a corresponding amount of fluid is 
delivered from the supply bottle into the wound through the inlet cannula. The outlet 
^ cannula is left open until clear fluid appears; then it is clamped off. 

When penicillin is used as the local chemotherapeutic agent, the amount decided 
upon is delivered into the wound by the above technique everj*^ four hours. The strength 
of the solution up to the present has been 250 units per cubic centimeter. The period of 
local administration of penicillin has varied from a minimum of two weeks to a maximum 
of four weeks. It is decided upon on the basis of tbe extent and the duration of the sepsis, 
preoperatively, as well as the clinical course postoperatively. If at any time a cliange in 
the local chemotherapeutic agent is indicated, the system is kept intact e.xcept for tlie 
supply bottle and its contents. Indications for such a change are: secondary infection, 
such as Bacillus coli or other penicillin-resistant organisms, or interference with the flow 
of penicillin through the septic area. Dakin’s solution has been the onlj' chemotherapeutic 
Rgent used as a temporary substitute for penicillin. Dressings arc infrequent, — the dress- 
ing applied at the time of operation is frequentlj* left undisturbed for a week or ten days; 
local discomfort from a sticky, bloody dressing may demand a change as early as three or 
four days after operation, but, after this initial change, there may be no indication for 
dressings until the cannulae arc removed. 
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Fig. 4 

Diagrammatic representation of the use of cannulae in connection with a closed system for 
the local administration of penicillin.* 


Uertioval of Cannulae 

During the developmental stage, the cannulae were removed under local anaesthesia 
at the end of two to four weeks, without any attempt being made to close the soft-tissue 
defects created by them. Consequently, dressings were necessary for varying periods of 
time but they were minor, not time-consuming and not painful. Since the advent of 
penicillin, the technique has changed only slightly: The cannulae are still being removed 

* p1o=!Pd system of local administration, as now used, originated with two Surgical Residents, 
Grant RodkerMS, and Richard Webster, M.D. 
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at tlie end of two to four weeks, usually under pentothal anaesthesia, but the soft-tissue 
defects are closed, leaving onl}" a small rubber catheter in place for the administration of 
penicillin for a few more days. This use of the catheter is a sign of lack of faith in nature’s 
ability to combat residual infection successfully; cultures taken at the time of the removal 
of the cannulae invariably show bacterial growth. 

Systemic Chemotherapy 

Bacteraemia and septicae- 
mia are ever-present threats 
accompanying local infection. 

Systemic chemotherapy has 
made miraculous progress dur- 
ing the last few years, and it 
would be poor judgment in- 
deed to confine om'selves to 
the use of local chemotherapj'. 

Systemic penicillin has been 
administered for a minimum 
of twenty-four hours before 
operation, throughout the pe- 
riod of local chemotherapy, 
and for a few days to a week 
following the removal of the 
cannulae; 100,000 units per 
twenty-four hours has been 
the usual dosage. 

Variations in Technique 

The number of cannulae at our disposal has been and still is veiy Jimited. Conse- 
quentl}’-, there have been occasions when no cannulae were available ; at such times rubber 
catheters have been used in their place. The technique of wound closure and local instilla- 
tion of penicillin has been the same as that employed with the cannulae. Rubber catheters 
clog more easily, and may cause local reaction. 



Fig. 6 Fic 7 

Close-up -i-iew of cannulae in place twelve Same case as Fig. 6. Packing in place, 

days after insertion. Verj' minor local reaction. 


C.ASE REPORTS 

This is a preliminarj’- report of a method of local treatment of sepsis. Our e.vperiencc 
With it has been so favorable that we feel justified in submitting it for trial. It has not 
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been used in coinhinaUon with systemic chemotherapy for a long enough period to allow 
an end-result study. 

Three of, the early eases are reported. They were sclcetod not only because they are 
favorable, but also because they are typical. '’J'hc I’oentgcnograms arc reproduced from 
lantern slides, since the films arc no longer available. 

One ease, treated by systemic and local penicillin, is reported as an illustration of the 
present method. 

1. A l)oy of lliirloon liad lociiiTinf? osicoiiiycliiis of llic lofl fibula of two and a half )'ears' 
duration (Fig. S-A). At oporalion .‘'.•uitrrizalion w.as porfoniicfi, and two gla‘'‘< cannulao were inserted 
(Fig. S-J3). The eannulao wore rcino\'cd under loeal anaestlie‘-ia twelve flayi later, without repair of the 



Fig. 10-A 

Case 3. Old septic hip with lipiodol injection of sinus. 



Old septic hip after vitallium-mold arthroplasty and insertion of two vitailium cannulae. 
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Fig. 10-C 

Seven months after removal of cannulae. Wound healed. No recurrence of sepsis. 


skin defects. The wound healed completely in one month. Roentgenograms, made eight weeks after the 
operation, showed satisfactorj' bone repair, with no sequestra, and no areas suggestive of persistent infec- 
tion (Fig. 8-C) . ■■ ■' 

This was one of the cases treated during 1934, the first year the cannulae were used. 
Almost eleven years have elapsed without any recurrences. 

Case 2. A student of twenty-four had recurring sj’mptoms referable to his right ulna. Roentgeno- 
grams (Fig. 9-A) showed changes characteristic of osteomyelitis. Operation in 1934 consisted in seques- 
trectomy, saucerization, and the insertion of glass cannulae (Fig. 9-B) . The wound healed completely in 
five weeks (Fig. 9-C) . There was no local recurrence, but several secondar 3 ' foci developed during the 
nine years following this initial focus. 


Case 3. A man, thirt 5 ’--eight years old, had rlieumatoid arthritis, with a rigid spine, and fibrous 
ankylosis of both hips. In 1934 he had had a fascia lata ai throplast 5 - of the left hip, wdth postoperative 
sepsis, Avhich had persisted for five years (Fig. 10-A). 

In December 1938 a vitallium-mold arthroplasty was performed on the right hip. Two months later, 
m Februaiy' 1939, a vitallium-mold arthroplasty was performed on the left hip, and free pus was en- 
countered in the iliac fossa. Tw'o vitalhum cannulae were inserted, and the wound was closed around 
them (Fig. 10-B). One month later the cannulae were removed (Fig. 10-C). 

At the time of the patient’s discharge from the Hospital, the wound was healed, and there has been 
no recurrence of sepsis up to the present, a period of six years. The patient has fair function of both 
hips, and is Avorking at a job requiring standing from four to six hours a day. 


Case 4. A student of nineteen had multiple foci of osteomyelitis, occurring aver a period of seven 
years. In July 1944, acute symptoms from a new focus, m the mid-shaft of the right femur, developed 
(Fig. 11-A). Operation included saucerization, and insertion of two vitalhum cannulae, with Avound 
closure (Fig. ll-B). Free pus AA'as encountered m the medullary canal The postoperatiA'c course Ava.s 
smooth. The patient Avas particularlj- appreciatiA-e of the absence of painful dressings, because of his 
previous experience Avith them. 


Systemic penicillin, 100,000 units in twenty-four hours, AA-as administered for ten days after opera- 
tion, and for a Aveek after the remoA'al of the cannulae. Local penicillin aaas injected every four hours- 
ten cubic centimeters, 250 units per cubic centimeter. This was continued up to the time of the removal 
of the cannulae. 
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Fig. 11 -A 


Case 4. Osteomyelitis in mid-shaft, right fe- 
mur. Preoperative roentgenograms. 



Fig. 11-B 

Postoperative roentgenograms, sliowing vi- 
tallium cannulae in place. Note liow the dress- 
ing prevents the cannulae from resting on the 
floor of tile sauccrized aica. 



Fig. 11-C Fig. 11-D 


Photograph of wound twent 3 "-six daj’-s after Roentgenogiams, si\ weeks aftei the oiigmal 

insertion of the cannulae, just before their re- opeiation. Satisfactoiy piogiess of bone lepair. 

Wound entiiely healed. 

The cannulae were removed on the twenty-sixth postoperative day (Fig 11-C) under pentotlial 
anaesthesia, and the defects were closed. A small rubber catheter was left in place, and penicillin was 

continued locally for ten more days . , . 

The wound was entirely healed six weeks after the oiiginal opeiation. Roentgenogiams at that 

time showed satisfactoiy piogiess of bone repair (Fig. ll-D). 

Only ten months have elapsed since operation, but so far theio has been no local lecuiience of sepsis. 


DISCUSSION 


Favorable Aspects 

T nokinff back upon eleven years of experience with local chemotherapy, administered 
throurfi a closed system of cannulae, several favorable aspects stand out. The almost 
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complete primary closure reduces to a minimum the loss of serum from the granulating 
surfaces. This is important because the loss of serum protein can be considerable, as was 
demonstrated in one case treated bj’' the method of “packing the wound open”. The deter- 
mined loss of serum protein for one period of twent 3 '-four hours amounted to 36.9 grams; 
the ai’ci’age dailj' loss oi'er a period of a week was 11.9 gi’ams. True, this was not an aver- 
age routine case, but it serves to emphasize the importance of reducing granulating surfaces 
to a minimum. 

The infrequencj’^ of dressings appeals to the patient and to the surgeon. Septic 
dressings are painful, no matter how gentty thej'^ are done ; and thej’^ are bound to be time- 
consuming. 

The time for complete healing of the wound is materially shortened ; and the scar is 
linear and level, instead of broad and puckered. 

The postoperative clinical course in the majority of cases treated by this method has 
been smooth: the temperature chart levels off quickty; the patients are happy and look 
well. ; 

Unfavorable Aspects 

This is not a perfected method with 100 per cent, cures. There have been cases with 
local recurrence of sepsis, but these have been relativelj’^ few. 

No matter how carefully the cannulae arc sutured in place and stabilized bj"^ proper 
packing, local reaction from pressure and slight motion is apt to occur. Such reaction is 
A'ery slight and easily excised at the time of the removal of the cannulae. 

The drainage and irrigation system is not immune to clogging. A change in fluid and 
flushing the wound usually eliminate obstructions without much difficulty. 

Penicillin 

With the great advances that have been made in chemotherapy in recent years, par- 
ticularly since the advent of penicillin, a wider application of this method of treatment is 
possible. So far our experience has been limited to osteomj^elitis of the extremities and 
bon}'' pelvis. As further knowledge is gained regarding the effectii'eness of penicillin and 
other chemotherapeutic agents, it becomes less and less hazardous to eliminate, partially 
or completely, soft-tissue defects in the presence of potential or ei'en active sepsis. Topical 
application of the chemotherapeutic agents seems an important factor for success, and the 
cannulae are an eflScient means of administering such treatment. 
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CONGENITAL ABSENCE OF THE RADIUS 
A Method of SunoicAE Correction 

By B. E. STAItll, M.D., VANCOVVERj EUITISH COLVMBIA, CANADA 

Congenital absence of part or all of the radius lias been reported by many, and meth- 
ods of dealing with the deformity have been described by well-known authors. 

In 1905, Antonclli reported 114 cases, and declared at that time that the deformity 
was more often single than double, and that it occurred more often as the result of partial 
absence of the radius, usually the distal end, than as the result of complete absence. 
Kiimmel described the total absence of the radius in detail. 

HISTORICAL BACKGROUND 

Previously’’ reported techniques are numerous. SayTC preceded his surgical correction 
by adhesive skin traction, in an attempt to overcome the radial deviation of the hand in 
relation to the lower end of the ulna. He then inserted the distal end of the radius into 
the carpus, from which some of the bones were removed. According to Kermisson and 
Langet, muscles on the radial side of the hand are usually missing. McCurdy, in his pro- 
cedure, tenotomized the short tendons on the radial side, then severed the ulna at a point 
where the free end of the upper fragment could be brought into contact with the carpal 
lunate, which was curetted and fixed to the graft with silkworm gut. Bardenheuer split the 
ulna, and then allowed the carpus to fit into the bifurcated portion, fixing the bifurcation 
to the carpus with two ivory bone pegs. Tubby modified this procedure by using silkworm- 
gut fixation, instead of the ivory bone pegs. A kangaroo tendon Avas used by Rosswell Park 
for the same purpose. Ryerson described a technique in wdiich a graft w'as removed from 
the ulna, and used as a radial shaft wdth fixation to the carpal region. No adequate fixa- 
tion of the upper end of the graft was attempted. Albec used a tibial graft wdiich he 
strutted from the ulna into the carpal bones. Steindler tenotomized the contracted radial 
tendons, and then did an osteotomy at the-maximum bowing of the ulna. A bed was then 
prepared in the carpus, and the epiphy'^sis W’^as removed from the longer end of the ulna. 
The ulna w’as then pointed and inserted into the cleft in the carpal bones midwmy into the 
metacarpal region, and fixed wdth chromic catgut through drill holes. Campbell suggested 
a similar technique to Steindler’s, but stated that the operatii^e treatment should not be 
done before the patient has reached two years of age. 

Treatment by manipulation and piaster fixation has also been attempted. Hassel 
described a simple osteotomy of the ulna. Romans described a cuneiform osteotomy in 
w’hich the ulna was sutured to the carpus. 

As far as one can gather, there appears to be no utilization of skeletal traction in 
preliminary correction of the deformity. Transplantation of the fibula to the forearm 
has been done to replace the previously resected radius, but not for congenital absence. 
Campbell described the insertion of the lower end of the radius for resected tumor masses 
involving the low^er radius. The technique of removal and replacement has been described 
by Schauffler, wdiere involvement of the humerus at the upper end was encountered. 

METHOD 

The segmental defect as seen and characterized by the absence of the radius is fre- 
quently associated with other congenital deformities of the same limb. It is extremely 
frequent to find absence of the first metacarpal, with or wuthout absence of tlie thumb, 
and of the radial component of the carpal bones. Corresponding soft parts may be absent. 

In attempting this new’ procedure, an effort was made to correct soft-tissue deformity 
before attempting bony correction, and to preserve the growing function of the remaining 
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ulna, which is already grossly shortened. It prorndes a means of allowing some freedom 
of the carpal bones, and, if possible, wrist motion. It was also possible to maintain mod- 
erate rotarj' motion of the forearm, where any portion of the upper end of the radius 
remained. 

The metacarpal heads, therefore, were transfixed with a Kirschner wire, as was the 
olecranon, and Dunlop traction was applied to distract the forearm, at the same time 
directing the hand to the ulnar side (Fig. 2-C). Traction for six weeks stretched the soft 
tissues distal to the lower end of the radius. Traction also brought the remaining carpal 
bones into a position relativelj’ distal to the lower end of the ulna. 

An oblique osteotomy was then per- 
formed in the ulna, and the traction was 
maintained until union had ocem-red at 
the site of the osteotomy. Unfortunately, 
in the first instance, the osteotomy was 
too distal, and only part of the bowing 
of the ulna was corrected. 




Fig. 1-.\ Fig. 1-B 


Infant showing bilateral congenital absence of Maternal grandmother, showing absence 

radius. Kote bilateral absence of first metacarpal of nght thumb and presence of thumb with 

bone, and absence of thumb on the left. three phalanges on the left. 


When thorough union had occurred, the Kirschner wires were removed, and the fore- 
arm M'as placed in plaster. 

A third stage was then performed. The upper end of the fibula was removed extra- 
periosteally, and was transplanted to the forearm. Special care was taken to dissect the 
upper end of the fibular transplant in such a manner that the epiphyseal periosteum was 
not disturbed. The soft-tissue mass distal to the radius was removed, and this in part 
made room for the transplant. No difficulty was encountered in inserting the graft be- 
tween the flexor and extensor tendons, although all the normal structures were not present, 
nor in maintaining the upper articular surface of the fibula in contact with the remaining 
carpal bones. 


C.ASE REPORTS 

The author has seen congenital absence of the radius in its various asiiects in three 
cases, involving four limbs. Most interesting was a bilateral case with complete absence 
of the radius, the thumb, and the first metacarpal bones. Correction was not attempted 
because of the patient’s age (Fig. 1-Al. The maternal grandmother showed an absence of 
the first metacarpal and thumb on the right hand; while on the left, the thumb had three 
phalanges (Fig. 1-B). 
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Fig. 2-B: RoonL- 
genogram of arm 
before correclion. 


Fin. 2-Ji 




, w gi'iipli, sliowing arm | 

in skeletal traction. ■ I 

Case 2. Photograph of arm before f 

The other two patients, showed partial or complete I 

absence of the radius. Both of these patients showed || . .5, i 

absence of some of the carpal bones, as well as the first j pHlk . ■''' ,Jj 

metacarpal; one with a non-articulated thumb com- I 

posed of two digits, the other without any evidence of 

This series comprises the usual variations found in m‘ j 

this deformity, which is disabling and very unsightly. If j , fl § " T ' 

The forearm is short, the ulna is always bowed, and the f r 

hand is in extreme valgus. There is usually no wrist 
articulation, since the ulna is dislocated distal to the 
carpus. The absence of the thumb is also incapacitating, 

Case 2. This child was first seen at the age of ten 3 'ears SB 
(Fig. 2-A). She was small of stature, but apart from the right 

forearm, was normally developed. There was no history of ' ^ ^ I 

congenital deformity in the family. The method described was 

first carried out on this patient. There was not a complete ab- l l , 1 ,^ 

sence of the radius. The lower end was atrophied, and the 
radius terminated in the lower third of the forearm in an irregu- 
lar pointed mass (Fig. 2-B). The space taken between the carpal bones, chiefly the ulnar components, 
and the distal end of Ihe radius, was filled with a soft cartilaginous mass. The radius was markedly 
short and atrophied in comparison with the ulna. The ulna, definitely bowed, was grossly shortened in 
comparison with the normal arm, and did not articulate with the carpal bones. 

The usual procedures did not seem applicable in this case, so it was decided to use what remained 
of the radius "and to construct a lower radial graft, which would give a more permanent and more flexible 
correction The free end of the transplant was tapered to doi-etail with the fro.shencd .surface of the 

lowe^end oUhe^radiu^^ and arm were then placed in plaster and maintained in fixation for ten weeks. 
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Fig. 2-D 

Roentgenograms one and a half years after fibular trans- 
plant. Note patent epiph 3 ’sis in transplant. 


Fig. 2-E 

Photograph one and a half j-ears 
after correction. 


The .forearm exliibited the usual radial contractures, and could not be corrected manually more 
than 15 degrees. It ivas ob\'ious, therefore, that no more than 15 degrees could be obtained as the result 
of the operation. This meant considerable persistent deformity. Surgical correction of this deformity 
has not, in general, resulted in much improvement, either cosmetically or functionally, other than a 
slight stability of the forearm and hand. The deformity'' has not been well corrected. 

Follow-up roentgenograms revealed good union between the radius and the shaft of the transplanted 
fibula with what appeared to be a patent epiphj'sis. 

The recent roentgenograms and photographs represent the follow-up of one and a half j'ears (Figs. 
2-D and 2-E). Pronation and supination are each 50 per cent., and there is also wrist motion. 

Criticism should be made of the procedure in two respects. The transplant was some- 
what too short, and a longer one could have been applied without difficulty. It will also be 
noted (Tig. 2-D) that there is still some persistent bowing in the upper third of the ulna. 
It is contemplated that this might be corrected bj’- subsequent osteotomy of both bones, 
and further skeletal traction. These errors were rectified in the next case attempted. 

C.\SE 3. This child was first seen at the age of twelve, at which time a deformity of the right fore- 
arm was noticed (Fig. 3-A). There was a complete absence of the radius, some of the radial components 
of the carpus, and of the first metacarpal and thumb. The opposite forearm was normal. There was also 
marked radial angulation of the hand, and dislocation of the carpus in relation to the lower end of the 
ulna, which was prominent dorsalty and ulnaward. A large skin callus had developed over the promi- 
nent lower end of the ulna. The child was wearing a molded leather and metal support to help maintain 
the hand in improved relationship. 

In this ca«e, a similar operative procedure was attempted except that, since no radiu'- wa.'^ present, 
the graft was inserted into the ulna at tlie approximate site of the osteotomj'. Skeletal traction was 
applied for six weeks. A remarkable realignment of the hand in relation to the forearm wa= obtained. 
Oatcotomj' was then accomplished m the ulna at the site of maximum bowing, and wa^ tran-fixed with 
Roger Anderson external fixation, including the lurschner wire. 

This, it was felt, was a luxuiy, but maintained the hand and arm in good correction. 
It is unneccssarj', providing the arm is kept in skeletal traction while the osteotomy unites. 

Upon complete union of the ulna, removal of the pins, and the healing of the pin sites, the third 
stage uas attempted two months after the osteotomj'. 

Ao difficultj- was encountered m inserting the tran-planted upper end of the fibula in relation to 
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the cavinis. There was, however, slight diaslasis l)(>(woc!i (he lower end of (lie ulna and the transplanted 
fibulnr graft. It was maintained by two vitallium sciow.s placed tiansvcr.sely through the forearm, one at 
the site of in.sertion in (he ulna, and (he other in (he distal half (Fig. 3-D). 




if 




Fig. 3-C 

External fixation following osteotomy. 


ft 


Fig. 3-D 

Roentgenograms one year after final stage 
of correction. 
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Fig. 3-E 

Photograph taken one year after 
final stage of correction. 



Fig. 3-F 

Photograph showing wrist motion. 


In this case, the correction has been better than in the first one attempted. It does not appear, 
however, that the epiphysis of the fibula has remained patent; but, after one year, there is no discrepancy 
in the length of the lower end of the ulna in relation to the transplanted fibular graft. Flexion and exten- 
sion of the wrist are possible (Fig. 3-F) . There has been no tendenci' to recurrence of the radial devia- 
tion. The forearm at the time of the third procedure was aligned in mid-pronation. The functional end 
result in this case is excellent, although no rotary motion of the forearm is obtainable. 


SUMMARY 

1. Congenital absence of the radius, while uncommon, has been repeatedly reported 
in the literature. 

2. The deformity is often accompanied by other evidences of congenital deformity 
of the hand, and, in one case, a direct hereditary linkage with the maternal grandmother 
is shown. 

3. The technique described is a three-stage procedure,— namely, skeletal traction, 
ulnar osteotomy, and fibular transplant. 

4. The technique is unique in allowing forearm rotation and wrist motion, when part 
of the radius is present; and it results in an extremely improved appearance. 
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BJUTTAIN ISCHIOFEMORAL ARTHRODESIS 


UY l?OBEUT A. KMCIIT, iM.IY, ANIJ AflCIIAKL M. liLVllM, ^UU., MEMPHIS, TENNESSEE 
Frou) the Willi.'i C. Cawphctl Clijiic, Mcniptiis 

In 1941, Brittain dcsoi'ibcd a method of arthrodesis of tlie liiji, in wliich a large tibial 
graft is inserted into a cleft in the ischium, through an oblique osteotomy. The shaft of 
the femur is then displaced medially toward the ischium, supporting tlic graft and “short- 
circuiting” the diseased hiji joint. Brittain, in his original jiaper^, reported thirty-five 
cases of hip-joint disease in which arthrodeses were done by this method, with success in 
88 per cent.; re-fusion by the same method was necessary in three cases. In Brittain’s 
series, sixteen cases were of infectious or ostco-arthritic origin, while nineteen were cases 
of tuberculosis. 

This method of arthrodesis utilizes the jjrinciple that, for stability and bone gi’owth, 
compression is more efficient than tension”. Atrophy of the soft parts on the medial side 
of the thigh, which occurs during immobilization in a cast, places a strain on the iliofemoral 
graft, and may result in possible failure of the operation; but this same process, by in- 
creasing the pressure, makes the ischiofemoral arthrodesis only more secure. In addition, 
progress of the disease will not interfere with ischiofemoral arthrodesis, as it does with 
iliofemoral arthrodesis, and further destruction of the head with increasing dead space 
will not place an added strain on the graft. 

It is the purpose of this paper to report the WTiters’ e,\periences wnth this method, and 
to describe minor modifications in technique wdiich have been evolved. Since March 
1943, nine patients at this Clinic have had arthrodeses by this method for tuberculosis 
of the hip, with a total of twelve hips operated upon, since three w^ere cases of bilateral 
hip tuberculosis. 

Indications 

It is universally recognized that no one method of arthrodesis of the hip is applicable 
in all instances where this procedure is indicated. The choice of method will vaiy with 
the underlying disease process, its stage and exact extent, and with the patient’s age and 
general condition. 

The usual extra-articular, intra-articular, and "combined” arthrodeses of the hip 
often involve difficulty and considerable risk. This is especially true in elderly patients, 
and in patients with tuberculosis in which there is still some activity and in which there 
is considerable destruction of the hip and the ilium. The incidence of failure of arthro- 
desis in these latter cases is relatively high, and, if the full extent of progression of the 
process has not taken place, further destruction may jeopardize the result. 

Although operation in an area of tuberculous disease does not necessarily result in 
failure, extra-articular arthrodesis is to be preferred, if there is a reasonable chance of 
success. 

Ischiofemoral arthrodesis offers an alternative extra-articular method of obtaining a 
bony fusion between the femur and the pelvis. Trumble described a method by which 
this may be accomplished, but his procedure requires an extensive exposure in the gluteal 
region, with isolation of the sciatic nerve and insertion of a large tibial graft in a bed an- 
terior to this nerve. This procedure requires adequate bony contact and soft-tissue fixa- 
tion between the head and neck of the femur and the acetabulum. 

Brittain’s method of ischiofemoral arthrodesis can be employed in any condition in 
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which fusion of tiie hip is indicated. However, it is of particular value in cases of tuber- 
culosis where the involvement is primarily acetabular, with upward extension into the 
ilium. Arthrodesis by the usual methods in such cases is difficult and frequentlj’’ impos- 
sible, but with Brittain’s method the graft is placed below the area of involvement. The 
tuberculous process rarely extends into the ischium, but if such a process were sufficiently 
advanced, it would, of course, be a contra-indication to the use of the Brittain method. 

Due to the simplicity and ease with which the procedure may be accomplished, and 
to the absence of complications, it is possible by this method to arthrodese the hip in a 
patient in whom a more extensive procedure would otherwise be contra-indicated, because 
of age or general condition. This method is particularly useful in children with tubercu- 
losis of the hip, for these patients are frequentty in poor general condition. IMajor surgi- 
cal procedures are, therefore, not indicated, even though the patients have been care- 
fully prepared for surgerjL 
In none of our cases was there 
postoperative shock, excessive 
hemorrhage, or nen^e or %'is- 
ceral damage. 

Since resubstitution of 
the graft is necessary before 
fusion can be complete, it is 
felt that the method is better 
suited to children than to 
adults, because the bone-re- 
generating and bone-revascu- 
larizing power in children is 
much greater than in adults. 

Consequent^, it is only rea- 
sonable that arthrodesis, with 
an autogenous graft, should 
occur with greater rapidity 
in children. However, in Brit- 
tain’s series, nineteen of his 
thirty-five patients were 
above the age of eighteen, his oldest patient being sixty-three years of age at the time of 
operation. In our series, eight of the nine patients were children whose ages varied from 
eight to thirteen. In the one adult, aged fifty-two, the graft became involved by the dis- 
ease; thus a conclusion as to the length of time required for resubstitution of the graft in 
an adult could not be reached. 


»-M. Viastul loteraW* 
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Fig. 1 

Regional anatomy, showing path of osteotome and location of 
graft. (Composite cross-section from E5'cleshj'mer and Schoe- 
maker.' Reproduced by permission jrom D. Appleton & Co.) 


Regional Anatomy 

It might seem that this procedure would be hazardous, since it is done “blindly” 
through a lateral approach. However, roentgenographic control is used throughout, and 
a study of the regional anatomy reveals that the path through which the osteotomy is 
done and the graft inserted is quite safe, as long as all work is performed in tlie coronal 
plane (parallel with the table) . Anteriorly, the femoral vessels are well forward, while 
posteriorlj' the sciatic nerve is safely out of the way. iMedially, the adductor structures 
are not in the vicinity of the operative path (Fig. 1). 

It might also appear that the graft could pass through the obturator foramen; but 
this, too, is an anatomical impossibility, because of the obliquity of the osteotomy in the 
one plane and the obliquity of the obturator foramen in the other plane. Penetration of 
the graft into the pelvis has not caused complications, and any penetrating portion is 
eventually absorbed (Figs. 2-B, 2-C, 4-B, and 4-Cl. 
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THE METHOD 

The patient is immobilized on the fracture table with a cassette holder under the 
hips, as for the insertion of a Smith-Petersen nail for a central fracture of the neck of the 
femur. A preoperatii-e roentgenogram is made before the skin is prepared. A lateral longi- 
tudinal muscle-splitting incision is employed, extending down from the region of the ab- 
ductor tubercle of the femur for a distance of three to five inches (7.5 to 12 5 centime- 
ters) . The shaft of the femur is exposed subperiosteally. A three-millimeter drill point is 
then drilled obliquely through the shaft of the femur at a predetermined level, utilizing 
the abductor tubercle as a localizing aid, and passing upward at an angle of 40 to 45 de- 
grees with the shaft of the femur. The drill point is then removed, and a 1.5 millimeter 
guide wire (such as is used with the cannulated Smith-Petersen nail) is passed bj’ hand 
through the drill hole in the shaft of the femur and on through the soft tissues in a plane 
parallel with the table, until the ischium is encountered. A Jacobs chuck drill is placed on 
the guide wire, which is then drilled into the ischium for 1.5 to two centimeters. A check- 
up anteroposterior roentgenogram is made to ascertain the position and the depth of the 
guide wire. 

While this film is being developed, a full-thickness tibial graft is removed, including 
the anterolateral and posteromedial crests, the approximate length of the graft ha-sdng 
been determined by measurements from the guide wire. 

If alteration in placement of the guide wire is unnecessarj’, the femur is obliquely 
Qsteotomized alongside the guide wire, using a long, thin osteotome. The osteotome is 
then passed on into the ischium in the coronal plane. By a decreased sense of resistance, 
it is easy to determine, while drhdng the osteotome through the ischium, just when the 
medial cortex of the ischium is perforated. The guide wire is removed, and the osteo- 
tome is “rocked” up and down until an adequate cleft is made in the ischium. The handle 
of the osteotome is then depressed, and the graft, beveled on its presenting end, and with 
its medullary surface down, 
is inserted along the superior 
surface of the osteotome. The 
osteotome is withdrawn as the 
graft reaches the ischium, so 
that the graft can be driven 
into the prepared cleft. !fsext, 
the periosteum around the 
femur at the osteotomy site is 
completely severed, so that 
the distal fragment can be 
displaced mediallj’’. This is an 
essential step, since the peri- 
osteum is quite fibrous and 
tough in children, and, unless 
it is completely cut, medial 
displacement of the shaft of 
the femur is quite difficult. 
iMedial displacement of the 
shaft is accomplished by trac- 
tion, abduction, and direct 
pressure. When the displace- 
ment has been satisfactorily 
accomplished, the leg is placed 
m the position of choice, and 
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B T . male, aged eight Both \ lew- of tibia thirteen month- after 
remo\al of graft Note reformation of cortex 
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final check-up roentgenograms are made. The wound is closed in a routine manner, and 


a full, double spica east is applied, extending 
in children, and to the knee on the opposite 
side in adults. If difficulty in maintaining the 
medial displacement of the shaft is encoun- 
tered, the surgeon may apply the cast in sec- 
tions, as suggested by Brittain, — ^that is, in- 
corporating the leg up to the osteotomy site 
separately, and then completing the cast, after 
a satisfactory position of the fragments has 
been obtained This method has the added 
advantage of pieventing any valgus strain on 
the knee. In some instances, wide abduction 
of the leg may be necessarj"^ to maintain the 
displacement; in such cases, the cast may be 
changed after three weeks, and the leg brought 
into the optimum position without loss of 
medial displacement. Final check-up roent- 
genograms are made after the cast has been 
completed. 

RESULTS AND OBSERVATIONS 

In tins series of nine cases, with twelve 
hips artlirodesed, only seven cases (ten hips) 
can be considered, since two unilateral cases 
are too recent. There v ere no draining sinuses 


from the nipple line to the toes bilaterally 



Fig 5-A 


H B, male, aged Tuberculosis of 

the hip of eight months’ duration Roentgeno- 
giam made tvo months after operation The 
graft ha« become in\ oh ed by the disease and 
seque^tratlon is occuriing 



L 


Fig 5-B 

Appearance of hip nine months after 
operation Note apparent progresvion of 
fusion despite -eque-tration of lateral por- 
tion of graft 



1 


Fig 5-C 

Roentgenogram ~c%rntccn months .ifter opera- 
tion Further progre— of fii-ion ha- taken iiHcc 
Definite scquc'tr.ition of lateral portion of graft 
has occurred Note improccment in condition 
of hc.ad of the femur Hip is clinicalh arthro- 
desed and the p itient h i- been v ilkinc in a 
brace for 'i\ month- 
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Fig. 6 

W. R., male, aged nine Bilateral tuberculosis of hip of six years’ duration. Appearance thirteen 
months aftei last opeiation. Note variation in obhquit}' of grafts. 


at the time of operation. Our follow-up period varies from eleven to twenty-three months; 
and of the ten hips, six are solidlj'- arthrodesed clinically and roentgenographically. 

At the present time, one hip shows sequestration of a portion of the graft (Figs. 5-A, 
5-B, and 5-C), with involucrum formation about it, so that this result will undoubtedly 
also be successful. The infection was due primarily to the extension of the disease to the 
graft, with secondary infection after sinus formation. 

Two of the grafts have fractured, and another graft shows absorption about the 
outer end. These complications will be discussed below. 

In the present series, the following observations have been made: 

1. Obliquity of the Osteotomy and Graft: The series is too small to determine the 
influence of obliquity of the graft on the outcome. However, it has been noted that an 
obliquely placed graft aids in medial displacement of the shaft of the femur (Figs. 2-A, 
2-B, and 2-C) . In fact, later roentgenograms may show further medial displacement of 
the shaft than was present immediately after operation. 

2. Size of the Graft: Removal of such a large graft was at first done with some hesi- 
tancy, but the rapidity with Avhich the tibia reformed in children has been most satisfy- 
ing (Fig. 3) . In one child there was a fracture of the donor leg, but, as stated above, in 
children the cast should incorporate the donor leg to guard against such a complication, 
as well as to increase the efficiency of the cast in immobilizing the hip. The fractures of 
the graft which occurred (Fig. 4-A) and the absorption about the outer end of the graft 
which occurred in one case (Figs. 4-B and 4-C) were the results of inadequate immobili- 
zation. At the present time, it appears that the arthrodesis in these cases may eventually 
succeed, if immobilization is continued for a sufficiently long period of time. If arthro- 
desis fails in these cases, there is no contra-indication to re-arthrodesis by the same 


method. 

3. Location of the Graft 


in the Ischium: It must again be stressed that the cleft 
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in the ischium should be placed sufficiently low to avoid inserting the graft in a diseased 
area, with resulting involvement of the graft by the disease (Figs 5-A, 5-B, and 5-C) . 

4. Disflacement of the Shaft of the Femur: Although in our earliest cases the im- 
portance of displacing the shaft of the femur adequately was not realized, calamities can- 
not be directly attributed to this. However, displacing the shaft medially adds to the 
stability of the arthrodesis, lessens the strain on the graft during fusion, and further en- 
sures success, because of contact of the central portion of the graft with viable bone 
(Figs. 4-B and 4-C). 



Fig 7 

B T, m.ilc, aged eight Bilateral tuberculosis of hip of five year->’ duration A' Appearance thir- 
teen months after last operation Weight-bearing has not been resumed B and C Lateral i len ■■ of 
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5. Position oj the Hip: In the one aclulu patient, tlie lower extremity was placed in 
the position of optimum function, — tliat is, 15 degrees of abduction, 20 degrees of flex- 
ion, and slight external rotation. In the remainder of the cases in children, the logs have 
been placed in abduction of 25 to 30 degrees, as adduction was anticipated with growth. 
However, in our cases, relatively little adduction from the oj-iginal position has occurred 
as yet, although it is too earlj'’ to determine to just what extent this will eventually take 
place. If necessary, a subtrochanteric osteotomy can be done at some later date to cor- 
rect the weight-bearing alignment of this extremity. 

6. Bilateral Arthrodesis of the Hip: This was done in three cases (Figs. 6 and 7). 
The healing of a tuberculous hi]) is accomplished only by arthrodesis or by excision. 
The latter is a formidable and mutilating jirocediu’c that is ])rohibitcd in most cases, 
whereas arthrodesis results in a stable hip with a minimum of deformity. Conservative 
attempts to maintain motion in one hip in cases of bilateral tuberculosis are dangerous 
and almost universally unsuccessful. Bilateral ailhrodesis is to bo preferred in such cases, 
despite the many disadvantages. This is esjiccially true where financial considerations 
prevent prolonged hospital treatment, followed bj’- many jmars of frequent and careful 
observation. 

7. Period of Immobilization: In our cases, the site of arthrodesis has usually con- 
solidated in from three to four months, but immobilization should be continued until the 
hip joint is solidly fused and the ’disease process is healed. As Brittain has stressed, this 
operation is only another method of enforcing rest for a tuberculous joint, and ambula- 
tion should not be allowed until healing of the disease itself is complete. 

CONCLUSIONS 

1. The Brittain ischiofemoral arthrodesis performed under complete rocntgcnographic 
control is simple, safe, extra-articular, and results in successful arthrodesis of the hip in a 
high percentage of cases. 

2. Six of ten hips treated by this method and followed for a minimum of eleven 
months have fused. All of the failures can be attributed to errors in technique, rather 
than to failure of the method itself. 

3. The Brittain method is especially applicable to children with tuberculosis of the 
hip, since consolidation of the osteotomy and revascularization of the graft occur rapidly, 
and the operation can be done in children ■who would not tolerate a more difficult and 
shocking procedure. 

4. Our experience with this method in adults has not been sufficient to permit an 
opinion as to its value, although Brittain has successfully emplo 5 ’'ed it in adults. 
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ASEPTIC NECROSIS OF THE ASTRAGALUS FOLLOWING ARTHRODESING 

PROCEDURES OF THE TARSUS 


BY FREDERICK M. MAREK, M.D., AXD ALBERT J. SCHEIX, M.D.j XEW Y'ORK, X. Y'. 

From the Orthopaedic Service of the Mount Sinai Hospital, New York 

Aseptic necrosis of the body of the astragalus [talus] frequently occurs in major frac- 
tures and fracture-dislocations of this bone, because of the paucity of its blood supply. 
Several anatomical studies of the arterial circulation of the astragalus have recently been 
published. jMcKeever’s is the most detailed. According to him, “the entire vascular sup- 
ply of the astragalus is derived from branches of the anterior tibial arterj’’. There is 
eUdence also that the arterjq which eventually breaks up into several nutrient arteries, is 
carried in the dense astragaloscaphoid ligament (ligamentum talonaiuculare dorsale), 
which extends as a broad band from the dorsal surface of the neck of the astragalus to the 
dorsal peripherj’^ of the scaphoid. In this ligament the arterj- divides into several (two to 
foiu-) smaller arteries which perforate the superomedial aspect of the neck of the astraga- 
lus, where foramina are clearly present. No evidence of arteries perforating from either 
the posterior or the anterior calcaneoastragalar ligament or from the internal calcaneo- 
astragalar ligaments in the subastragalar joint was apparent. In no instance was it pos- 
sible to demonstrate arteries throughout the body of the astragalus.” 

Lipscomb and Ghormley describe the arteries to the astragalus as branches of the 
dorsalis pedis, entering the bone at the lateral aspect of the neck. According to them, a 
minor supply also enters through various smaller branches at the ligamentous and cap- 
sular attachments. Phemister, Sneed, and Watson- Jones differ on the finer details of the 
blood supply to the astragalus, but all agree on the precarious location of these vessels, an 
arrangement not dissimilar to that encountered about the head and neck of the femur. 

It seems surprising, therefore, that aseptic necrosis of the astragalus has not been 
mentioned as a complication of arthrodesing procedures of the tarsus. It would appear 
inevitable after extensive resection of the head and neck of this bone. Our findings indi- 
cate that it occurs not too infrequently, — twice in one series of seventeen cases, and three 
times in another series of forty-four cases. No statistical significance can be ascribed to 
these figures, since the occurrence of aseptic necrosis depends on the extent of resection of 
the head and neck of the astragalus, and probably also on the extent of periosteal strip- 
ping at the operation. The latter factor is increased in re-operations, which as a rule 
require a more extensive exposure. In our group of five cases, two followed secondarj' 
arthrodesing procedures, and all involved extensive resection of the head and neck of the 
astragalus. Minor degrees of increased density and temporaiy mottling of the body of the 
astragalus were noted in several other cases. They did not persist long enough to warrant 
restriction of weight-bearing or immobilization bejmnd the usual period, and no harmful 
results ensued. 

CASE REPORTS 

Case 1. A. A., a boy, aged fourteen, was admitted to the Mount Sinai Ho-pital for correction of a 
paralytic calcaneovalgus deformitj' of the left foot. On September 16, 1942. a reAcr-c-type Lambnnudi 
procedure was performed. The peroneal muscles were transplanted into the os calcis. Extensive remod- 
eling of the tarsal bones was necessarj' to correct the deformity, and the head of the astrag.ilu- was 
completely excised. The time required for operating was one hour and forty-five minutes. Following 
the operation, tlie patient was unable to moA'e his toes, and had complete .anaesthe-ia of the toes and of 
the distal foot. This was correctly asenbed to tourniquet paralysis, from which the boy recoi ered 
promptly. Later, superficial skin necrosis about the incision necc^-atated -evcral change; of pl.i-tcr, but 
us al^o healed readily, .As early as three weeks after operation, the body of the astragalus iia; found 
to bo denser than the surrounding bones upon roentgenographic examination (Fig, l-.A). This w-o.- inter- 
preted as aseptic necrosis, and became more m.arked dunng the folloiving months. No weight-beannc 
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ivas allowed until March 1943, approximatelj' six months after operation, when considerable revasculari- 
zation of the astragalus was noted. This boy was last seen eighteen months after operation, when the 
result of the procedure was judged excellent. The patient's gait was much improved, and he was able 
to walk long distances. The subastragalar and mid-tarsal joints were clinically fused in good position, with 
adequate backward displacement of the foot and good strength in the transplanted muscles. Roentgeno- 
graphic examination at this time showed solid bony union of the arthrodesed joints. The astragalus was 
I jmpleteb' revascularized. There was no deformity of the remaining body, and no e\'idence of irregu- 
laritj' of the surface of the ankle joint. 

Case 2. C. 0., a woman, aged forty-eight, was admitted to the Moimt Sinai Hospital for correction 
of a paralytic equinovalgus deformitj' of the left foot. A modified Lambrinudi procedure was performed 
Dn June 18, 1938. The head and neck of the astragalus were completely resected. Because of persistent 



Fig. 2-A 

Case 2. Left foot two and a half months after 
operation. Mo(Rfied Lambrinudi type subastrag- 
alar arthrodesis was performed for paralytic 
equinovalgus, with extensive resection of head 
and neck of astragalus (the calcaneocuboid joint 
was spared) . 



12 - 28-39 j 

Fig. 2-B 

Eighteen months after operation. A secondarj* 
mid-tarsal arthrodesis had been done nine 
months postoperatively. Xote diminution of 
heiglit of astragalus and relative densit 3 ’ of this 
bone. 



Fig. 2-C 

Showing further collapse and compression of 
astragalus at the site of aseptic necrosis. There 
^_as mcongniity of the tibial and astragalar ar- 
ticular surfaces in the ankle joint. 
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Fig 2-D 

Six months after ankle fu-non, which was 
necessitated by pain and arthntis in ankle joint. 
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pain related to the mid-tarsal joint, a secondary wedge resection of this joint was necessao^ This was 
done on March 18, 1939, nine months after the first operation. IVeight-bearing was allowed four months 
later. No attention was paid to the • 
avascular necrosis of the body of 
the astragalus, which had occurred 
following the second operation. 

' This bone went on to progressive 
collapse under unprotected weight- 
bearing. A severe degenerative 
• arthritis of the ankle developed 
t with marked disability and pain. 

Despite various conservative meas- 
ures, including bracing, arthrodesis 
of this joint had to be undertaken. 

The ankle fusion was done on 
January 22, 1944, utilizing a bone 
graft from the tibia in addition to 
the usual intra-articular technique. 

Solid bon 3 ’ ankjdosis was accom- 
plished in eight months. When 
last seen, thirteen months after 
ankle fusion, the patient’s gait was 
much improved. There was mini- 
mal residual pain, and the pa- 
tient was ready to return to fight 
work. 

Case 3. R. W., a man, aged 
twenty-eight, was admitted to Bel- 
ieve Hospital for correction of a 
severe equlnovarus deformity of 
the right foot. In 1931 a posterior 
subastragalar arthrodesis with a 
Campbell bone block had been 
done for paralj'tic equinus, which 
was the result of severance of the 
peroneal nen-e at the neck of the 
fibula, in an operation for osteo- 
mj'elitis of that bone. This oper- 
ation for the drop-foot was only 
partiallj' successful. On October 
25, 1943, an external T-shaped 
wedge was removed to correct the Pig. 4-B 

deformity. The subastragalar joint September 5, 1941. Two months after triple arthrodesis (Rj-er- 
was found partly fused, and it was son type) with large dorsal wedge, including entire head and neck 
rerised. The mid-tarsal joint was astragalus, 
also arthrodesed. Weight-bearing 
in plaster was allowed six weeks 
after the operation, despite the 
aseptic necrosis of the astragalus 
which was noted in retrospect. 

This bone collapsed, and thus was 
initiated a severe arthritis of the 
ankle. When last seen eight 
months after operation, the patient 
complained of persistent pain in 
the foot and ankle. 

Fig. 4-C 

Februai^- 2, 1942. Seven months 
postoperative. Earty revasculariza- 
tion of necrotic astragalus. No 
V eight-bearing liad been allowed 
oecausc of later operation on left 





Fig. 4-A 

Case 4. June 5, 1941. Preoperative roentgenogram, showing 
paralytic or congenital varoca^nis deformity of right foot. 
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Fjg. 5-A Fig. 5-B 


Case 5. August 20, 1940. Preoperative September 17, 1940. One montli after panastragalar 

roentgenogram of right foot, showing arthrodesis, showing small size, increased density, 
marked fixed paralydic equinovarus. and mottling of astragalus. 



We have been unable to reach 
him for further study, but it is 
likely that painful symptoms vill 
continue until ankle fusion is done. 

C.ASE 4. W. W., a boy, aged thir- 
teen, was admitted to Bellevue Hospi- 
tal for extreme cavus deformit}' of the 
foot, probably'- congenital in nature. On 
July' 7, 1941, the rigJit foot was operated 
upon. A triple arthrodesis was done, 
and the entire liead and neck of the 
astragalus were resected. To ensure 
adequate plantar flexion of the heel, 
double Kirschner-wire fixation in heel 


Fig. 5-C 

March 12, 1941. Seven months after operation. Note fur- 
ther collapse and increased density of astragalus. Fusion of 
all joints was solid. Clinical result is probably satisfactory. 


and tibia was used. A plantar fasciot- 
omy' had to performed. Good correction 
of the cavus was obtained, but avascu- 
lar necrosis of the astragalus followed. 


Fortunately, because of a similar procedure on the left foot on October 6, 1941, the patient ivas not per- 


mitted to walk until six months after the first opeiation. By this time the astragalus of the right foot 
was well revascularized. (Incidentally this complication did not follow operation on the left foot in spite 


of a similar procedure.) 


When last seen, seven months after the last operation, the patient had no pain, 


and his gait was good. 


It has been impossible to obtain any further follow-up. It is unlikely that this boy 
will have any difficulty with his ankle. 

Case 5. J. A., a woman, aged forty, was admitted to Bellevue Hospital for correction of a paralytic 
equinovarus deformity'^ of the right foot. All muscles below the knee were paralyzed. The heel cord was 
contracted, permitting only 15 degrees of passive motion in the ankle. On August 21, 1940, a panas- 
tragalar arthrodesis was performed. No late follow-up is available, but roentgenograms approximately 
seven months after operation showed satisfactory fusion, despite aseptic necrosis and partial collapse of 
the remaining portion of the astragalus. 

The next case is briefly mentioned for comparison of the rate of revascularization of 
an aseptically necrotic astragalus resulting from fracture. a 

Case 6, A. V., a boy, aged fourteen, had fallen dowm a si.x-story elevator shaft one hour before 
admission to the Mount Sinai Hospital. Among other severe injuries he had sustained a severely com- 

THE JOURNAL OF BONE AND JOINT SUROEm 




ASEPTIC XECROSIS OF THE ASTKAGALUS 


593 


pounded comminuted fracture of the right tibia and fibula just abo\ e the ankle, and a slightly displaced 
fracture of the neck of the astragalus When first seen he vras in seiere shock, which was giien first 
consideration. Only a superficial debridement of the compound fracture was done, and gas gangrene later 
del eloped, necessitating mde drainage. The leg was saied, but dunng the cntical period, reduction of 
the astragalus had to be neglected. The fracture healed, despite aseptic necrosis of the body of the 
astragalus. Roentgenographic study six and one half months after injurj' show ed adi anced revasculari- 
zation, without ankle deformity. This boy has not been permitted to bear weight up to the present time, 
eight months after the fracture. 

DISCUSSION 

It is often necessarj' to resect the head of the astragalus to correct marked deformitj* 
of the foot If extensive excision is unavoidable, it would appear advisable to remove 


additional bone from the scaphoid [nax’icular] 
or the cuneiform, rather than from the astra- 
galus In anj’’ case, the postoperative roent- 
genograms should be carefully inspected to 
discover possible aseptic necrosis of the astra- 
galus. In the event of this complication, 
weight-bearing must be avoided. If unre- 
stricted weight-bearing is allowed on a necrotic 
astragalus before revascularization takes place, 
this bone will collapse in whole or in part. The 
ankle-joint surface of the astragalus wdll be- 
come irregular, and lead to disturbance of the 
ankle joint with resulting osteo-arthritis; this 
may require artlirodesis for relief of pain and 
disability. In other words, the principle of 
safeguarding necrotic bone from weight-bear- 
ing until it has become revascularized must be 
strictly observed. As Phemister has expressed 
it; "Function hastens to some extent the rate 
and increases the extent of repair. It should. 



Fig 6-A 

Case 6 Fracture of the neck of the right as- 
tragalus 



Fig 6-B Fig 6-C 


Three months later, aseptic necro=is of the Six and a half month"- after fracture, diowing 

body of the astragalus was clearly shown by in- considerable rei asculanzation 
creased density of this part of the bone Xo 
weight-bcanng had been allowed 
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however, be limited well within the strength of the necrotic bone and of the newly form- 
ing bone during the major part of the period of creeping substitution. If, in case of ne- 
crosis of the ends of the bones, there is too much weight-bearing, strain, or trauma in am 
form, there will be fracture of the necrotic bone or of the weak new bone . . While m 
have no large experience, revascularization of a necrotic astragalus appears to requin 
about six to nine months in the average adolescent. 

Where aseptic necrosis occurs in the presence of an ankle fusion, done as part of tin 
primary procedure (panastragalar arthrodesis), the clinical significance of the lesion is 
much less, provided fusion of the ankle is successful. This may be delayed, because of tlu 
aseptic necrosis of the bone at the site of fusion, though revascularization in such an ares 
is quite rapid. 

CONCLUSIONS 

1. Aseptic necrosis of the body of the astragalus is a not infrequent complicatior 
following arthrodesing procedures, requiring extensive resection of the head and neck oi 
the astragalus, in order to correct severe deformities of the foot. 

2. The frequency of this complication is sufficient to suggest that, when wide wedges 
are essential, the scaphoid should be sacrificed in preference to the astragalar neck. 

3. Aseptic necrosis, if present, may be detected by roentgenographic examination 
as early as three to four weeks after operation. Suitable precautions should then be in- 
stituted. 

4. Revascularization in the average adolescent takes place quite rapidly (six to nine 
months). Collapse of the body of the astragalus may be prevented by not permitting 
weight-bearing until this has been accomplished. 

5. If premature weight-bearing is allowed, the body of the astragalus will become 
compressed, and the ankle-joint surface damaged, resulting in secondary osteo-arthritis of 
the ankle joint. This may require subsequent fusion for relief of pain and disability. 

6. If ankle fusion is part of the primary procedure, aseptic necrosis of the astragalus 
is not as serious a complication. 

Note : The authors wish to e.xpress their appreciation to Arthur Krida, M.D., for permission to use 
Cases 3, 4, and 5 from his Service at Bellevue Hospital. 
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DIFFICULT FRACTURES OF THE KECK OF THE FEIvIUR 
TREATED WITH THE STUD-BOLT SCREU^ 

Simplification of Technique 

BY F. E. GODOY-MOREIHA, M-D., SAO PAULO, BRAZIL 
Professor of Orthopaedic Surgery, University of Sdo Paulo, Brazil 

In this paper the author wishes to present his results in the use of the stud-bolt screw 
ior the treatment of ununited fractures or otherwise difficult cases of fracture of the neck 
if the femur. 




Fig. 1-B 


Fig. 1-A: The parts of the screw are shown; 
m, the body ; n, the flange ; o, the nut. The 
helical thread I is very thin and penetrates 
the bone easily. This prevents turning of 
the head of the femur when the screw is 
driven home. The nut o is longer than the 
flange n; thus, when the nut is tightened, 
friction takes place only at the bottom and 
not at the top of the flange. 

Fig. 1-B ; The screw assembled. 


Fig. 2 

1 : Double-action wrench ; 3 : Trepliine 
iiith guiding center pin; 3: Attachment to 
receive the liirschner wire and to prevent it 
from being pushed into the pelvis; 4- Com- 
bined drill; a has the same diameter as the 
body of the screw (Fig. 1, m) ; b shows burr 
with the same diameter as the flange (Fig. 
1, a) ; c is the collar which limits the penetra- 
tion of the drill to the desired depth. 


Fig. 1-A 



7 



Fig. 2 


Since the publication of the writer’s earlier artiele on this subject in The Journal of 
Bone and Joint Surgery in July 1940, we have operated upon eighty patients, using this 
technique, and the results have been excellent. Breaking or slipping of the screw has not 
been observed in any case. 

The criterion in the classification of end results varies so widelj' that statistics in this 
particular instance are not alwa}^s to be relied upon. The best way of demonstrating the 
quality of the results would be the reproduction of all of the roentgenograms, but the space 
required would make it difficult for our large series of cases to be presented. It would 
seem that the demonstration of a small number of difficult cases, in which good union and 
good function have been obtained, is more apt to prove the efficacy of the method than 
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would be the presentation of 
greater number of more commo 
cases. 

OPERATIVE TECHNIQUE 

The writer’s earlier tech 
nique has been considerabl; 
modified, so that the method noi 
employed is one of the most sira 
pie of all techniques using screws 
and it requires fewer special in 
struments. The electric moto 
was used in approximate!; 
twenty operations, and presents 
several disadvantages, — such a; 
complexity and motor failures 
Therefore, it seemed that an or 
dinary hand-driven bone dril 
would be more satisfactory. 

The perforation of the hard cortex wdth the hand-driven burr is difficult, but, onci 
the spongy bone has been reached, the procedure goes smoothly. Norman Roberts anc 
Watson-Jones gouge a hole in the cortex beforehand, and we have devised a trephine fo: 
the same purpose. With the spongy bone exposed, the hand-driven bone drill wmrks s( 
easily that a motor can be dispensed with. 

The drawings clearly illustrate the simplicity of the technique and instruments noT 
in use. 

CASE REPORTS 

From a series of eighty operations, a small number of particularly difficult cases an 
submitted, in which union and perfect function have been obtained. 

Case 1. A. S. B., female, fifty-two years old, was first seen on April 4, 1941. Four months previousl: 
she had suffered a fracture of the neck of the left femur. Treatment had not been administered, and sin 
was bedridden at the time of consultation. 

Roentgenogram (Fig. 14-A) showed non-union of the unreduced fracture. Operation, using tin 
technique illustrated, was performed on April 5, 1941. Plaster cast was not applied. Walking was begui 
on the thirtieth day after the operation. Frontal and axial roentgenograms (Figs. 14-B and 14-C) elevei 
months after the operation showed good union. Walking is normal. 

Case 2. J. B., Jr., male, fort 3 ’--three years old, was seen on August 19, 1941. Three months previ 
ously the patient had suffered a fracture of the neck of the right femur. Traction had been applied foi 




Fig. 14-A 

Case 1. April 4, 1941. 



FiGt 14-B 
March 10, 1942. 
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Fig. 15-A 

Fig. 15-B 

Fig. 15-C 

Case 2. August 20, 1941. 

October 7, 1943. 

October 7, 1943. 


. 1 ^' 


Fig. 16-A 

Case 3. September 23, 1941. 


Fig. 16-B 
March 27, 1944. 


Fig. 16-C 
March 27, 1944. 


fifty days. The patient complained of pain and inabiUty to walk without crutches. Roentgenogram 
(Fig. 15-A) shows the unreduced fracture in varus. Operation was performed on September 2, 1941. Cast 
was not applied. The patient began to walk on the fortieth day- after operation. Roentgenograms (Figs. 
15-B and 15-C) two y'ears after the operation showed perfect union. Function of the leg is normal. 

Case 3. M. R., female, fifty years old, was first seen on September 23, 1941 (Fig. 16-A). The patient 
had fractured the neck of the left femur three months previously'. Treatment consisted only of bed rest. 
B alking was impossible, and the pa- 
tient complained of pain. Traction ^ H ^ w 

was applied for a Aveek, and operation ' -1 

Was then performed. Plaster cast was I 

not applied. Walking was begun fifty ^ 

days after the operation, hai'ing been ■ . 1 ^ ^ | 

somewhat delayed because of pain in ^ *■ 

Roentgenograms (Figs. 16-B and ■ ^ 

IG-C) taken two and a half years after I 

the openation, on March 27, 1944, ' 

showed bony union. Function of the 'y 

leg was completely normal. 

Case 4. L. A. T., male, forty 
years old, Avas seen on July 2, 1941. 

had fractured the neck of the right Fig. 17-A Fig. 17-B 

cmur. ConserA'ative treatment was Case 4. July 2, 1941. August 31. 1943. 
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Case 4. Julv 2, 1941. 


Fig. 17-B 
August 31. 1943. 
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unsuccessful, and the patient was walking with the aid of crutches when first seen. Roentgenogram 
(Fig. 17-A) showed non-union with marked resorption of the neck. Operation was perfoimed on July 
4, 1941. At the same time, a subtrochanteric osteotomy was done, because the writer feels that in cases 
of non-union of long duration the association of osteotomy and osteosynthesis is useful. After twenty 
days, plaster was applied down to the knee, leaving the knee free. The cast -was left on for thirty days. 
Walking was begun on the twenty-first day affer the operation. 

Roentgenogram (Fig. 17-B) made two years after the operation showed union. Walking was normal. 
A shortening of 2.5 centimeters could be compensated for by the shoe. 



Fig. 18-A Fig. 18-B 

Case 5. April 29, 1940. Januaiy 21, 1941. 



Fig. 18-C 
January 21, 1941. 


Case 5. A. A., male, seventy years old, was seen on April 29, 1940. Eighteen months previously, 
the patient had fallen from a ladder, and had since been unable to use his left leg. The only treatment 
was bed rest for two months, and then the patient had begun to walk with two emtehes, continuing to 
use them up to the date of consultation. Roentgenogram (Fig. 18-A) showed pseudarthrosis with exten- 
sive resorption of the femoral neck. 

Operation was performed on May 3, 1940. Plaster was applied down to the knee twenty day's after 
the operation, and walking was then begun. The plaster ivas removed after forty days, and walking was 
continued with a cane. Eight and a half months after the operation, the patient was able to w-alk two 

miles easily. Roentgenograms 
(Figs. 18-B and 18-C) showed 
that non-union persisted, but the 
head remained firmly pressed 
against the trochanter. 

This shows that, even 
when bony union does not 
take place, the osteosynthesis 
by means of the screw is solid 
enough in some cases to 
permit good function, the 
weight-bearing being sup- 
ported mainly by the screw. 

Case 6. A. R., male, sixty'-one 
y'ears old, ivas seen on Decembei 4, 
1943. One year and four months 




Fig. 19-A 

Case 6. December 4, 1943. 


Fig. 19-B 
March 13, 1945. 

previously', the patient had fractured the neck of the right femur. He was treated by traction for foity 
day's, and was walking w'ith tw'o crutches. Roentgenogram (Fig. 19-A) made on December 4, 
showed non-union. Operation ivas performed on December 13, 1943. 

Owing to the long duration of the pseudarthrosis, it ivas decided to perform a subtrochanteric 
osteotomy' at the same time as osteosynthesis. The osteotomy, which immediately' followed the osteo 
synthesis, ivas intended to increase the circulation of blood, and no attempt ivas made to displace ' 
distal fragment inw'ard under the weight-bearing line. A short plaster cast ivas applied, and w'alking "‘is 
begun on the twentieth day. The cast remained on for forty day's, and then walking with a canc vas 
continued. Roentgenogram (Fig. 19-B), made on March 13, 1945, fifteen months after the operation, 
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•howed complete union. The patient is now working on a farm, and feels no difference in the function 
)f his legs. 

Case 7. F. A., male, sixty years old, was first seen on July 29, 1944. The patient, for many years 
1 diabetic, had fractured the neck of the left femur sixty-nine da 3 ’s previousl}’. He had been treated by 
raction, and was unable to stand without crutches. Roentgenogram (Fig. 20-A) showed lack of union. 

Operation was performed on August 1, 1944. The patient began to walk twenty daj's afterward in 
i short plaster spica. Plaster was removed after forty daj's. The patient is now able to walk perfectly 
veil all da 3 ' long. Roentgenograms (Figs. 20-B and 20-C), made on March 11, 1945, seven and a half 
nonths after the operation, showed union. 



Fig. 20-A Fig. 20-B Fig. 20-C 

Case 7. May 21, 1944. March 9, 1945. March 9, 1945. 


Case 8. M. J. S., female, sixty-five 3 'ears old, was seen on February 26, 1944. Two da 3 's previously 
the patient had suffered a fracture of the neck of the left femur (Fig. 21-A). Operation was performed 
on Februar 3 ’- 27, 1944. Four months after the operation, roentgenograms (Figs. 21-B and 21-G) showed 
perfect union, and walking was normal. 

This case is presented to show that, even if the centering of the screw is unsatisfac- 
tory, provided impaction is possible, a solid and quick union may be obtained. In the 
present case, w'e were forced to accept the first and very imperfect centering of the wire 
because the patient was not tolerating the anaesthetic well. The screw was placed too far 
posteriorly distally. Nevertheless a good functional result was obtained. 


SUMMARY 


1. A series of end results of the treatment with the stud-bolt screw of some particu- 
larly unfavorable cases of fracture of the neck of the femur is presented. 



Fig. 21-A 

C.ise S. Februar 3 ' 26, 1944. 
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June 20, 1944. June 20, 1944. 
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2. The technique and the instruments for tlie osteosynthesis have been greatly sim- 
plified since the author’s first description. 

3. A hand drill is used instead of the electric motor, and very few special instru- 
ments are required, thus making the opcrnlion prncticnble for more surgeons. 

4. Eight cases, selected from a series of eight}’’ operations, are reported to demon- 
strate that, even under particulai'ly unfavorable eonditions, union and good function maj 
be obtained Avith the stud-bolt screw. 

5. Tavo cases of non-union, one of nine and one of sixteen months’ duration, are re- 
ported, in which union and perfect function haA'c been obtained by the association of osteo- 
synthesis and osteotoiny in the same operation. 

6. The good results in these difficult cases are attributed to the solidity of the os- 
teosynthesis, and to the strong impaction produced by the stud-bolt screAv. 

7. A short plaster cast, leaving the knee free, is noAv usually applied about twenty 
days after the operation, Avhen the patient begins to Avalk. This is removed after forty 
days. 
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SELECTION OF CASES FOR ARTHROTOIMY OF THE KNEE 
IN AN OVERSEAS GENERAL HOSPITAL 

A Two-Year Follow-up Study 

BY COLOXEL EDWIX F. CAVE, MAJOR CARTER R. RO\\-E. AXD CAPTAIX LESTER B. K. YEE 
Medical Corps, Ar/ny oj the Vmlcd Stales 

This report represents a follow-up study of patients operated upon, for internal de- 
rangement of the knee joint, who were returned to duty from a General Hospital in the 
Southwest Pacific Area over a two-year period, from July 1942 to Jul}- 1944. 

Three means of obtaining accurate follow-up information were available: 

First, in order to determine whether any of our patients had been rehospitalized, a 
follow-up questionnaire, requesting diagnosis, treatment, and disposition, was sent to every 
General Hospital, Station Hospital, and Evacuation Hospital in the Southwest Pacific Area. 

The second means of follow-up was available througlr the oSce of the Base Registrar 
for patients who may have been assigned to limited service dutj' or to the United States 
by other hospitals. 

The third check was made through the ^Machine Records Unit, where we obtained 
information as to the present assignment and organization of each patient. 

From these sources the necessary information was obtained on the results of 121 knee 
arthrotoraies out of a total of 124. The remaining three patients were members of the 
Australian Militarj' Forces, on whom we were unable to obtain complete follow-up in- 
formation. 

SELECTIOX OF CASES 

Early in our overseas experience, we realized the tremendous importance of making 
a total evaluation of the patient prior to operation. Careful sizing up of the patient as a 
soldier — his attitude, initiative, and cooperation — had a direct bearing on his postopera- 
tive course. An operation may be considered useless from the point of Anew of the Army 
when, postoperatively, the patient is discovered to be unfit for duty because of an under- 
lying maladjustment, neuropsychiatric disorder, or for some other mental or physical 
condition. The other important consideration bearing on the selection of a case for opera- 
tion was the evaluation of the knee condition, per se. Some types of knee derangement 
carried a favorable prognosis for return to duty, while others did not. 

In the latter part of 1942, we adopted a definite policA', the main points of which were: 

First, careful selection and eAmluation of the patient as a whole; 

Second, preoperatNe and postoperative classification of the patients into trim types 
of cases, those with the “uncomplicated” injuries to the meniscus, and the “complicated” 
knee cases — ^those with articular or ligamentous damage, with or without injury to the 
meniscus; 

Third, the institution of a reconditioning course; each patient was required to enter 
this course after a reasonable time, — ^usually four or fiiA’e weeks after operation. Here the 
patient’s course was carefully followed by a medical officer. When the patient had com- 
P eted his training, he was again eA-aluated, and then was sent out to the type of duty he 
"as considered capable of performing. 

Classifying the patients into “complicated” and “uncomplicated” cases expedited 
reatment and disposition. The uncomplicated cases were the patients from whom an in- 
^Jured meniscus had been remoAmd, and who demonstrated at the time of the operation an 
otherwise normal knee joint. 

The complicated cases were those in A\-hich there were associated changes in the knee 
joint, in addition to an injured meniscus. These included osteochondritis dissecans, insta- 
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TABLE I 

UNcoMi’LicATict) MnNiscus Casics 
Total number of cases 67. Follow-up coinpicle on 65. 

1. Number of patients sent to full military duty 59 

Number of patients remaining at full mililaiy duty 50 or 85 per cent. 

Of the nine who did not remain at full didy: 

5 were rchospitalized becau.se of knee com])laint. 

3 were returned to the United Slates 
2 were retui'iied to limited duty. 

1 was returned to the UnitefI States because of other medical conditions. 

3 were returned to the United States from their units; these were not re- 
liosiiitalized, jiossiblj' were on rotation or leave. 

Average period of time spent at full duty 10.3 months 

Number of cases remaining at full duty one year and over 24 
Number of cases remaining at full dut}" le.ss than one 3 "ear 26 

2. Number of patients sent to limited .service duty from our Hospital 5 

All remained at limited dul 3 ’’ an average of 15 months. 

3. Number of patients returned to the United States from our Hospital becau.se of 

knee complaint 1 

Total number of case.s 65 

4. Total number of patients returned to the United States from our Ho.spital and other 

hospitals because of knee disabilit 3 ' 4 


bility of the knee joint as a result of injury to the cruciate or collateral ligaments, hyper 
mobility of the patella, appreciable traumatic arthritis, and severe traumatic s 3 movitis. 

After operation the favorable uncomplicated cases were returned to full military duty 
of which there were eighteen different tj'-pes, 49 per cent, of which was infantry field duty 
The majority of patients in the group of “complicated cases” wei-e sent to limited duty, oi 
were returned to the United States. 


STATISTICAL STUDY 

Of the patients admitted to the Hospital because of a knee complaint, 29 per cent 
required operation. 

The average number of postoperative daj’-s spent in the Hospital, including the tinii 
in the reconditioning course, was sixty-three. 

Of the 121 cases on which the follow-up study was complete, sixty-five or 54 per cent 
were regarded as uncomplicated meniscus injuries (Table I) . Twenty-three cases or It 
per cent, were classified as complicated meniscus cases (Table ll). The remaining thirty- 
three cases or 27 per cent, were operated upon for reasons other than a torn meniscus. 

TABLE II 

Complicated Meniscus Cases 
Total number of patients 23. Follow-up complete on 23. 

1. Number of patients sent to full militaiy duty 6 

Number remaining at full military duty 2 

4 patients were rehospitalized and were returned to the United States because 
of knee disability. 

2. Number of patients sent to limited service duty 10 

Number remaining at limited service duty 7 

Of the 3 patients who did not remain at limited service duty : 

2 were returned to the United States because of knee disability. 

1 \yas returned to the United States from his unit, but was not rehospital- 
ized (possibly on rotation or leave). 

3. Number of patients returned to the United States from our Hospital ^ 

4 because of knee disabilit 3 ’' 

3 because of other medical conditions ^ 

Total number of cases 23 

4. Total number of patients returned to United States from our Hospital and other 

hospitals because of knee disability 10 

5. Average period of time at full militaiy duty 12 months. 

Average period of time at limited service dut 3 '^ 13 months. 
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TABLE III 

Cases of Internal Derangement avithout Meniscus Injury 
Total number of cases 34. Follow-up complete on 33. 

1. Number of patients sent to full military clut 3 ' 9 

Number remaining at full duty 7 

The 2 men rehospitalized were returned to the United States because of knee 
disabilitj’. 

2. Number of patients returned to limited service duty 14 

Number remaining at limited service duty 11 

2 were returned to the United States because of knee disability 
1 was returned to the United States from his unit, but was not rehospitalized. 

3. Number of patients returned to the United States from our Hospital 10 

Total number of cases 33 

4. Total number of patients returned to United States from our Hospital and other 

hospitals because of knee disability 14 

5. Average period of time spent at full militar.v duty 11 months. 

Average period of time at limited service duty 15 months. 


These figures show that the patient with an uneoinplicated injury to the meniscus can 
be expected to perform full military duty, if a careful operation is done, and if the post- 
operative care is rationally carried out. 

The men classified as complicated knee cases, on the other hand, will not be service- 
able in duties which require excessive use of the knee. Selected patients may make useful 
soldiers at limited duty, and a few may return to full duty, but they must be equipped to 
do a specialized type of work. Approximately 43 per cent, of the complicated knee cases 
were found unfit for any type of duty in a theater of operations, and were returned to the 
United States. Particularly poor results in this group were found in the cases of moder- 
ately scA'ere to severe osteochondritis, and in the knee unstable because of damage to the 
cruciate ligament. The knees wfith moderately severe traumatic changes, and wdthout loose- 
body formation in the joint, responded better after the injured meniscus had been removed. 

In the Army Medical Bulletin, May 1944', elective surgery of the knee joint was 
discussed, and the causes for poor results Avere outlined. Our experience concurs with the 
opinions expressed therein. 

The followung are some of the significant facts as to the history, physical findings, 
and roentgenographic studies in our series of cases. 


History 

Of the cases in which a torn or injured meniscus was found at operation: 

The mechanism of injury was a twist of the knee joint in 98 per cent, of the cases. 

A history of locking w^as elicited in 70 per cent, of the cases, swelling of the joint in 
95 per cent., and pain at the time of injury in 97 per cent. We found that it was most 
important to have the patient describe exactly w^hat took place when his knee “locked”. 

The number of attacks was significant, and helped to determine wdiether or not opera- 
tion should be performed. It can be said, however, that once a meniscus is split longi- 
tudinally, it never heals, and recurrent attacks should be expected. 

Physical Examination 

The most consistent physical findings in the cases in wdiich a torn meniscus ivas found 
at operation were; 

Atrophy of the quadriceps muscles in 68 per cent, of the cases; 

Localized tenderness and abnormal prominence of the meniscus at the joint line in 
per cent.; 

Excess joint fluid in 50 per cent.; 

Limitation of motion, particularly in extension, in 63 per cent. 

PoG’itgenographic Examination 

Anteroposterior and lateral roentgenograms were taken of all patients. Except for 
le demonstration of calcified loose bodies and traumatic changes of the articular surfaces, 
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the evidence of dcriingement was of a negative nature. We liave not in any case used 
pneuinarthrograms as a diagnostic procedure. We do not believe tliey are necessary, and 
fear that tliey may at times be misleading. 

Findings at Operation 

Of the eighty-eight cases in which the meniscus was injured, seventy-seven or 87 per 
cent, were of the medial meniscus. Of these seventy-seven cases, the “bucket-handle” 
type of tear was found in 70 per cent.; in 25 per cent, there were multiple tears; and in 
5 per cent., transverse splits. There were eleven cases or 12 jier cent, in which the lateral 
meniscus was injured; seven of these were associated with cystic degeneration of the 
lateral meniscus. The posterior third of the meniscus was injured in twelve of the above 
cases: eleven of the medial meniscus, and one of the lateral meniscus. Herniation of the 
joint capsule in the popliteal region was associated with injury of the medial meniscus in 
two patients. 

Other findings in the series of 121 cases wei'c: 

a. Osteochondritis dissecans of the femoral condyles in fifteen patients; in twelve oi 
these, cartilaginous or ossified bodies were jirescnt. The lesion ivas on the medial femoral 
condyle in eleven cases, usually on the lateral aspect, and on the lateral femoral condyle 
in four patients. 

b. Chondromalacia of the patella was present in eleven patients. In nine of these 
there was no associated injury to the meniscus. 

c. Giant-cell tumor of the knee-joint capsule was found in two patients. 

d. Calcification of the split posterior third of the medial meniscus was present in 
one patient, and ossification in another. 

e. Intra-articular ganglia of the patella and quadriceps tendons were present m 
one patient. 

f. An anatomical variation, consisting of a congenital veil or membranous septunr 
dividing the knee completely in the anteroposterior plane, was present in one patient. 

Six of the 121 patients had been previously operated upon in other hospitals. On all 
of these further exploration wms done, and in all we found tears or partial detachment oi 
an incompletely removed posterior portion of the medial meniscus. After operation all oi 
these patients ■were returned to duty. 

In five of the 121 arthrotomies, the findings Avere within normal limits. Two of these 
presented so-called “hypermobile menisci”; they '^nre removed, but 'we did not feel certain 
that they w'-ere the causes of internal derangement. All were sent to duty, four to full 
military duty, and one to limited service duty, where they remained. It is significant that 
in only one of this group was there a history of “locking” of the knee. 

Postoperative Complications in 121 Cases 

a. Postoperative sepsis — one case. This occurred during a period when many septa 

battle casualties were being received. After drainage and Kirschner-wire trac- 
tion, the patient had gained flexion of 50 degrees, and complete extension at 
the time of evacuation. 

b. Temporary sciatic nerve palsy — four cases. This occurred because the tourniquet 

■R'^as placed too close to the ischial tuberosity, wdiere the sciatic neiwe is rela- 
tiv'-ely unprotected. All recovered completely in a few iveeks. ^ 

c. Thrombophlebitis — one case. This subsided, and did not interfere with patients 

return to full duty. 


OPERATIVE TECHNIQUE 


Prior to operation, careful instruction in quadriceps-setting exercises is given 


to the 


patient. Forty-eight hours prior to operation a graphic temperature chart is begun, anc 
throat culture is taken for hemolytic streptococcus. With a temperature of over 99 de- 
grees, or when more than an occasional streptococcus is present in the throat culture, t le 
operation is cancelled. The skin is prepared forty-eight hours and again twenty-four 
hours before the operation. 
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A thigh tourniquet, placed about four inches below the level of the ischial tuberosity, 
is used in all cases. This consists of a soft rubber tube, one-half inch in diameter, applied 
twice around the thigh over a Turkish towel. 

Incision: When we arc reasonably certain that the patient has an uncomplicated me- 
niscus injury we use the “combined" incision-, which begins three-eighths of an inch pos- 
terior to the femoral epicondyle, and curves dowmward and forward to the joint line and 
to the mid-portion of the patellar tendon. On the inner aspect of the knee, the patellar 
branches of the internal saphenous nerve are identified, and retracted. The anterior com- 
partment is opened with a curved incision, in front of the collateral ligament; this allows 
adequate inspection of the anterior joint space. A second capsular incision, perpendicular 
to the joint line, is made posterior to the tibial or fibular collateral ligament, as the case 
may be, and the posterior joint space is exposed. The anterior portion of the meniscus is 
dissected free through the anterior incision, and passed backward between the collateral 
ligament and the joint space and removed through the posterior incision. With cases in 
which a more adequate exposure of the joint is desired, or when the diagnosis is not rea- 
sonably definite, the knee is opened by a parapatellar incision three or four inches in 
length (7.5 to 10 centimeters) , and, if necessary, it is enlarged superiorly or inferiorly. 
Careful inspection of the knee joint is carried out routinely, including the opposite me- 
niscus, the articular surfaces of the femur, tibia, and patella, the cruciate ligaments, the 
synovial membrane, and the infrapatellar fat pad. No. 60 cotton is used for ligatures, and 
No. 40 cotton for sutures. 

Following closure of the joint, a soft compression dressing is applied, and the leg is 
bandaged wdth a stockinette roll or an elastic bandage from toes to groin. The tourniquet 
is then removed. This type of complete bandage may help to prevent postoperative 
phlebitis. The leg is supported by a pillow. Traction is never used. On the first post- 
operative day, quadriceps-setting exercises are begun. The patient is not allowed up until 
he can actively raise his leg with the knee straight. He is then required to use crutches 
until he has demonstrated a correct gait. For physiotherapy he is given graduated exer- 
cises, followed by bicycle-riding, rope-jumping, and exercises on a rowing machine. From 
the physiotherapy clinic the patient is sent to the reconditioning area. 

CONCLUSIONS 

1- In order to prognosticate which patients with internal derangement of the knee 
will return to full duty after operation, careful preoperative evaluation of the patient as a 
whole is .essential. This involves the sizing up of the individual from the psychological 
standpoint; the taking of a detailed history as to the mechanism of injury; a systematic 
and thorough physical examination including: inspection, palpation, motions, stability, 
stance, and examination of the joints above and beloiv the knee. The opposite or normal 
knee should always be examined for comparison. 

2. Usually the patients can be classified into two groups: (1) those having uncom- 
plicated injuries to the meniscus, and (2) those with damage to the articular surfaces or 
ligaments, which may or may not be associated with injury to the meniscus. 

3. The vast majority of patients wdth an uncomplicated meniscus injury can be re- 
turned to, and wdll remain at, full military duty, if a careful operation is carried out, and 
if the patient is reconditioned prior to his discharge from the hospital. 

4. Patients whose knee disability is due to, or complicated by, articular damage or 
instability of the joint should not be operated upon in an overseas theater, unless symptoms 
aie sufficient to cause severe pain or locking of the joint. 

5. E.vceptions to the previous statement may be made in so-called “key personnel" 
u 10 , after operation, can return to limited service, not requiring excessive use of the knee. 
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ANTERIOR TRANSPOSITION OF TIIE PERONEAL NERVE 
FOR TRACTION PARALYSIS 


BY HENRY MILCH^ M.D., NEW YORK, N. Y. 

Peroneal palsy is, fortunately, among the more unusual of the complications asso- 
ciated with fractures about the knee. Its occurrence appears to have been attributed 
principally to direct contusions or to pressure against the nerve. The degree of this 
pressure need not be excessive, and, in the opinion of Selig, may result from the improper 
application of adhesive plaster to the leg, even in the absence of fracture. 

Platt ^ first called attention to the fact that this nerve may exhibit paralytic phe- 
nomena as a result of clinical conditions associated with excessive traction. These may 
include instances arising as a consequence of accident or trauma incidental to the operative 
correction of genu valgum. In his first communication in 1928, Platt especially empha- 
sized his belief that the nerve lesion is a concomitant of fractures of the styloid process, 
as contrasted with fractures of the neck of the fibula, although it is expressly stated that 
“the external popliteal nerve lesion which accompanies separation of the fibular styloid, 
is a true- primary injury which bears no casual relation to the treatment of the fracture”. 

In 1931, Watson-Jones, apparently unaware of Platt’s earlier observation, reported 
a case which he believed to be unique. This concerned a man of fifty-six who had been 
knocked down by a motor car, and suffered an avulsion of the styloid process of the fibula, 
with incomplete paralysis of the external popliteal nerve (common peroneal). During 
operation to reduce the fracture, the peroneal nerve was “found not to have been ruptured, 
although recent hemorrhage into the sheath was evident. The styloid fragment was re- 
placed and sutured with braided silk, and ten weeks later, when the plaster was removed, 
the paralysis had completely disappeared.” 

Watson-Jones noted that: “Three features of interest are presented in this case. Al- 
though crack fractures of the upper end of the fibula are not uncommon, complete avul- 
sion with wide separation is rare. . . . Secondly, complete recovery of peroneal palsy is 
unusual; but as a rule the nerve is injured bj'' contusion, whereas in this case the block 
has been purely ‘physiological’ and it is attributable to momentary stretching of the nerve 
trunk. Finally, the close resemblance between the clinical syndromes in knee and elbow 
is remarkable. In each condition, in consequence of a lateral strain there is subluxation 
of the joint, avulsion of capsule, and aponeurosis with an attached fragment of bone, 
displacement of the fragment into the joint, and coincident traction injury of the nerve. 

In 1940 Platt*’ elaborated the clinical picture, and described the palsy as an intrinsic 
part of the “ligamentous-peroneal syndrome characteristic of adduction injuries of the 
knee joint”. As its hyphenated designation indicates, the syndrome is a combination form, 
defined (a) by the presence of peroneal paralysis, and (b) by a triad of signs characteristic 
of adduction' injuries to the knee joint, — rupture of the lateral capsule, avulsion of the 
styloid process of the fibula, and avulsion of the biceps tendon from the fibular attach- 
ment. 

Although the validity of each of these syndromes may be accepted, it is very ques- 
tionable whether or not the combination may properly be considered as a true syndrome. 
Experience would seem to indicate that severe damage to the ligamentous apparatus of 
the knee occurs more frequently alone than in combination with injuries to the peroneal 
nerve. Even an avulsion fracture of the fibular styloid may occur without peroneal palsy • 
On the other hand, paralysis in the distribution of this nerve may and does occur without 
injury to the ligamentous apparatus or fracture of the styloid process of the fibula. While 
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either one of these two syndromes may arise as a result of the forces of excessive traction, 
the association of the two does not appear to be consequential, as will be seen in the fol- 
lowing cases. 

CASE REPORTS 


Case 1. Anna P., fort 3 --one j-ears old, was seen on Januarj" 26, 1943, about se^ en weeks after an 
automobile injury. On December 8, 1942, the patient had been thrown against the dashboard of her 
automobile, and had suffered a severely comminuted fracture of the upper end of the right tibia The 
leg was prompth' immobilized in a Thomas splint, and roentgenograms, taken upon her admission to 
another hospital, showed excellent alignment of the fractured fragments. Unfortunatelj', the sphnt was 
removed, and a plaster-of-Paris cast was applied, with the knee in complete extension. Ten da 5 's later 
the patient was discharged from the hospital, but on Januarj- 18, 1943, she returned to the hospital because 
the plaster had become loose. New roentgenograms showed unsatisfactorj- position. The lower fragment 
was hj-perextended, and there was definite backward angulation at the le\ el of the fracture. The distal 
tibial fragment and the fibula had been displaced proximallj-, and the tibial plateau was increased in 
diameter. A new plaster was applied, but shortlj- thereafter the patient began to complain of a tingling 
in the toes 


Examination disclosed a moderate increase in the diameter of the right knee This was clearly 
caused bj- the projection of the fibular head bej-ond the lateral surface of the tibial condj-le. Flexion of 
the knee was possible to 90 degrees, ex-tension to 170 degrees. No lateral instability of the knee joint 
could be elicited. Due to posterior angulation of about 15 degrees, the leg presented the appearance of 
a true genu recurvatum. No false point of motion could be ehmcallj- demonstrated, and there was no 
endence of peroneal palsj-. 

Roentgenogram (Fig 1-A) taken on Januarj- 26, 1943, showed a comminuted intra-articular fracture 
of the proximal end of the tibia. The distal fragment showed posterior displacement of one centimeter. 
Early callus formation was present. Though its sigmficance was not specificallj- appreciated until later, 
attention should be called to the fact that there was a displacement of the fibular head, with an increase 
m the transi-erse diameter of the upper end of the tibia Bj- comparison with the bicondj-lar diameter of 
the upper end of the femur, it could be observed that the distance of the fibula from the tibial shaft was 
definitely greater than normal. Fracture of the fibula or its stj-loid process was not seen 

In the hope that some of the deformitj- could be overcome, skin traction, using four pounds of 
weight, was applied. The following daj- the patient began again to complain of pain in the leg Two daj-s 
later, complete dropping of the foot and a loss in the power of the peroneal muscles were noted. There 
was hj-paesthesia to pin pnck in the peroneal-nen-e distnbution; and pressure o\ er the nen e, as it wound 
around the fibula, ehcited tenderness Roentgenograms showed no essential change in position. Since 
the palsj' appeared so promptlj- following the application of skin traction, it seemed to be the direct 
cause of the nerve sj-mptoms. Because of the excessn e extension of the distal fragment, it was behei ed 
that the skin traction had resulted in a hyperextension tj-pe of peroneal palsj-. Although all traction was 
promptlj- discontinued, there was no abatement of sj-mptoms 

Neurological consultation confirmed the presence of the nen e lesion Surgical exploration was 
cautioned against, and consen-ative therapj- was advised Heat, massage, and electrotherapj- were earned 
out 01 er a penod of two weeks, but without anj- sign of improi ement. It was felt that the lack of anj- 
response to therapj- indicated the contmumg action of a force other than the skm traction Studj- of the 
roentgenograms graduallj- gave rise to the conclusion that this force came from the tension caused bj- an 


increase m the tibiofibular distance It was determined to explore the nen e with this in mind. 

Under general anaesthesia on Februan- 18, 1943, an incision, four inches (ten centimeters) long, 
tras made o\ er the lateral aspect of the leg, exposing the peroneal nen e The nen e was found to be 
completely intact, but o\ er the head of the fibula it was reddened, markedlj- flattened, and quite ob\ i- 
ou'lj under considerable tension This was clearlj- due to the resistance offered bj- the fibular attach- 
ment of the deep fascia, which actuallj- snapped as it was cut across to release the nen-e The nen-e 
"as then translocated forward Although the nene tension was considerablj- reduced, it was not com- 
P e elj rehet ed. In its normal position the fibular head presented a bonj- resistance to the nerve, and it 
^as felt that the tension on the nen e could be o\ ercome onlj- bj- resecting the head so as to reduce the 
istance to be trai erted bj- the nen e. The collateral ligament and the biceps tendon were thereupon 
' awaj-, and the fibular head was excised (Fig 1-B) The nene could then be dropped looselj 

m o the hiatus thus created The biceps tendon and the collateral ligament were sutured to the tibia, 
e wound was closed The postoperatii e com alescence was uneientful, and the wound healed bj- 
Pnmarj- intention. 

daj's after the operation, the patient noted a return of sensation along the inner and outer 
the' fin loot Slight power m the anterior tibial and the peroneal muscle began to reappear. On 
t]''^ 1 ^^“'oUon was fairlj- normal, and there was obi-ious re-toration of power m the foot, al- 

bc^n^ ' oxtensors were still quite weaL On March 6, the patient wa- permitted to begin w eicht- 
og with the aid of crutches, and her discharge from the hospital was recommended. Upon her 
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•etum home she was given electrotherapy and gentle massage. There was slow but progressive return of 
:\mction. By the middle of July the patient was walking normally, without any aid or support. The 
power in the foot muscles was normal, but some limitation in complete flexion of the knee persisted, and 
Dn extension the recurvatum deformitj’ was stilt noted. Apart from this, the patient disclaimed any 
disability, and she has since resumed her normal activities. 

The preoperative clinical picture and the appearance of the nerve at operation are 
readily explained on the basis of excessive traction. It must be presumed that the mush- 
rooming of the upper end of the tibia, and the subsequent outward and upward displace- 
ment of the fibular head resulted in an increase in the distance from the fibular neck to 
the point of distribution of the peroneal nerve, in the muscles of the anterior and lateral 
compartments of the leg. Because of the fixation of the neiwe as it cm-ves around the 
fibular neck, any increase in the tibiofibular distance necessarily imposes a traction force 
on the portion of the neiwe distal to the point of fibular fixation. That so slight an in- 
crease in tension as might be occasioned by mild flexion of the thigh (with knees ex- 
tended) could give symptoms of tingling, indicated the slight margin of tension bej'ond 
which injurj^ to the nerve supervened. It maj"- readily be conceived that the effect of con- 
tinuous traction was such as to lead to motor as well as to sensorj’^ disturbances. 

The failure to respond to conservative treatment, and the relativelj' rapid response 
follrni-ing removal of the bony obstruction, represented by the fibular head, clearly lend 
support to Platt’s conception, and justify his recommendation that all cases of peroneal 
traction palsy merit earlj’’ exploration. The fact that this condition arose seven weeks 
after injurj’-, in the absence of fracture of the fibula, and as a result of a mechanism which 
usually does not produce lesions of the ligaments of the knee, serves to indicate the sep- 
arate nature of the ligamentous and the peroneal syndromes. This is further emphasized 
by the fact that fractures of the fibular head need not necessarily be associated with pero- 
neal palsy, as the following case illustrates. 

Case 2. Abraham S., seventy-five years old, was struck across both knees by a falling bale of hay. 
The patient was immediately incapacitated, and roentgenograms revealed fractures of both legs. There 
was a comminuted depressed fracture of the articular surface of the head of the left tibia. On the right 
side there was a comminuted fracture of the head of the fibula. A triangular fragment of bone, measur- 
ing seven-eighths by one-half of an inch (2.2 by 12 centimeters), and a smaller linear fragment had been 
broken off; they had become displaced and rotated cephalad. The head of the fibula was dislocated 
slightly externally and anteriorly from its normal position (Fig. 2). 

The fracture of the left leg appeared to be of the type seen in “bumper” fractures; that of the right leg 
resembled the fracture described by Watson-Jones, and seemed to belong more in the category of the 
hyperadduction injuries described by Platt. 

Although there was no evidence of peroneal palsj", the case seemed to fall so completely into the 
category described by Platt that exploration of the area seemed justified. Under local anaesthesia, a 
three-inch (7.5 centimeters) longitudinal incision was made, and the fascia was incised. A somewhat 
tense peroneal nerve was found, Ij'ing in the depression between the fractured portions of the fibula. 
The upper end of the peroneus longus and the fascia remaining attached to the fibular head were sev- 
ered, so that the nerve could be easily translocated forward. This resulted in a relative increase in the 
length of the nerve, and, therefore, a complete disappearance of the tension. Because of the patient’s 
age and general condition, the bony fragment was anchored in position without extensive efforts being 
made for anatomical reposition. The muscle was thereupon sutured back into position, and the fascia 
was reunited over the nerve. A straight-leg plaster was applied for a period of three weeks, and there- 
after active motion was gradually begun. Despite the fact that the aAmlsed fragment was never replaced, 
the patient at no time gave evidence of either motor or sensorj' disturbance in the distribution of the 
peroneal neive. 

It is, of course, impossible to assert that the slight degree of tension noted in this 
case would have been sufficient to cause an ultimate traction palsy. It is consequently im- 
possible to maintain that the treatment undertaken was justified by the outcome. The ab- 
sence of true paralysis maj’’ be due to the fact that the nenm lax- in the depression be- 
tween the two fractured fragments of the fibula. In this way, a compensating increase in 
length of the nerve had been achiex'ed, and the possible paralyzing effect of e.xcessive trac- 
tion had been avoided. 
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Fig. 3 

Anatomical specimen. The fascia has been reflected to show the two heads of the peroneus 
longus. The peroneal nerve is seen crossing the lateral aspect of the fibula, and curving medially 
in the groove between the tibial and fibular origins of the peroneus longus. 


DISCUSSION 

The importance of traction in the etiology of nerve lesions has been studied by Highet 
and Holmes’-, who made a report on a series of eight cases in which in general they agreed 
with the observations of Platt. However, in four of their cases, in which extensive resec- 
tion and nerve suture were performed, failure resulted. In commenting upon this they 
state: “This failure is understandable in those cases in which the nerve was completely 
divided, as it was due to the inability of the regenerating fibres satisfactorily to bridge 
the gap between the stumps. But in those cases in which the nerve-trunk retained a con- 
siderable degree of continuity, the absence of recovery cannot be accounted for so sim- 
ply. It cannot have been due to damage to the central neurons or to failure of the a.xons 
to regenerate through the lesion, for in all cases in which there was some continuity of the 
nerve, very many non-myelinated axons were found to have grown out to its distal end. 
The most significant observation is that these axons had failed to increase to a normal 
diameter, and most of them had failed to become myelinated.” It was the belief of these 
writers that this failure was due to tension itself. In a later paper - Highet and Saunders 
showed experimentally that extensive changes, including degeneration of the central por- 
tion, rupture of the neurolemma, oedema, and extensive fibrosis in and about the nerve 
were the results of stretching. 

From the fact that release of the peroneal nerve in Case 1 resulted in prompt sub- 
sidence of paralytic phenomena, it seemed reasonable to review the anatomy of the pero- 
neal nerve in the region of the fibular head. Usually the peroneal nerve is described cas- 
ually as coursing down behind the head of the fibula, until it reaches the neck around which 
it winds. This does not appear to be entirely accurate. Examination of the anatomical 
specimen (Fig. 3) will reveal that the nerve runs along the posterior border of the biceps. 
It then courses obliquely downward, forward, and medialward along the lateral aspect of 
the upper end of the fibula between the two heads of the peroneus longus, until it reaches 
the level of the fibular neck. The relationship of the nerve to the origin of the peroneus 
longus is of the utmost importance, and is described by Wood Jones in the following man- 
ner: “The tibial origin is from a small area on the upper extremity of the bone immedi- 
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ately in front of the articular facet of the superior tibio-fibular joint, and with some of 
the fibres of the anterior ligament of this joint additional bonds of origin are made. On 
the fibula it arises from the anterior and lateral aspect of the head and from the upper 
two-thirds or so of the lateral surface of the shaft.” These two origins “are separated by 
an inten^al (wdiich may be likened to the musculo-spiral gi-oo-fm on the humerus) in which 
the lateral popliteal (peroneal) nerve lies and give origin to its musculo-cutaneous (super- 
ficial peroneal) branch”. 

As the peroneal nerve winds around the neck of the fibula, it makes an almost right- 
angled turn around the tibial head of the peroneus longus. But even more important than 
this is its relationship to the fascia lata which lies superficial to the peroneus longus 
muscle, and takes a firm attachment to the fibular head at a point just above and slightly 
more lateral to the origin of the long head of the peroneus longus. -Both the muscle _and 
the fascial attachment act as a fulcrum around which the nerve changes its course. Since 
the neiA'e is covered by the deep fascia, this knee-like change in direction acts as a fixed 
point against which traction may be exerted. 

In view of the analogy which Watson-Jones noted between the valgus strain of the 
ulnar nerve at the elbow, and the varus strain of the peroneal nerve at the knee, it was 
only natural to attempt, at the knee, the sort of nerve transplantation- which Platt per- 
formed at the elbow. This can be easily accomplished by making an incision over the 
upper end of the fibula. The biceps is identified, and the peroneal nerve is isolated at a 
level above the styloid process of the fibula. By following the nerve downward, the in- 
termuscular space is easily defined, and the fascia and the medial head of the peroneus 
longus muscle are detached. When this has been done, the peroneal nerve can be trans- 
posed medially so that it wdnds around the lateral to the anterior aspect of the biceps ten- 
don. By descending directly to its distribution in the muscles of the anterior compart- 
ment of the leg medial to the superior tibiofibular joint, the right-angled bend of the 
nerve is eliminated (Fig. 4) . A relative increase in the length of the peroneal nerve, suf- 
ficient to provide for excessive traction due to increase in the tibiofibular distance, can be 



Fig. 4 

. Anatomical specimen. The fascia and the tibial origin of the peroneus longus lia\ e been 
netached from the fibular head. As compared mth Fig 3, the peroneal ner\e can be seen 
forward out of its groove Crossing the biceps, it lies medial to the fibular head, and 
ascends directly to the muscle, instead of following a right-angled course around the lateral 
origin of the peioneus longus. 
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accomplished. Where it is felt that simple transposition will be insufficient, excessive 
traction on the nerve can be obviated by resection of the fibiilar head as in Case 1. 

SUMMARY 

Excessive traction on the peroneal nerve, with resulting paralysis, may be removed 
by the operation of anterior transposition of the nerve, after the tibial head of the pero- 
neus longus muscle has been detached. In those cases in which simple transposition is in- 
sufficient, resection of the fibular head offers a means of overcoming relative dispropor- 
tion between the nerve and the tibiofibular distance. 
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ACUTE ISCHAEMIA OF THE ANTERIOR TIBIAE MUSCLE AND THE 
LONG EXTENSOR MUSCLES OF THE TOES 


BY MAJOR CARL E. HORN 
Medical Corps, Army of the United Stales 


Recently a peculiar type of vascular disturbance, localized to the anterior fascial 
jompartment of the leg, has been observed in young and otherwise healthy soldiers. No 
icute trauma has been associated with the onset of such disturbance. The following con- 
litions have been considered and eliminated in the differential diagnosis: emboli, aneu- 
ysm, Raynaud’s disease, thrombo-angiitis obliterans, arteriosclerosis, periarteritis no- 
losa, peritendinitis crepitans, phlebitis, cellulitis, fibrositis, rheumatoid arthritis, anterior 
Doliomyelitis, myositis due to bacteria or parasites, and tumors of the muscle. The char- 
icteristic clinical sjouptoms and findings are as follows: 

1. Sudden onset of severe pain in the anterior portion of the leg; 

2. Rapid development of swelling that is most marked over the anterior fascial com- 
partment; 

3. Mild to intense erythema and glossiness over the anterior fascial compartment; 

4. Slight to complete interruption of function of the common peroneal nerve. 

The clinical course is illustrated by the following case reports. 

Case 1. A white soldier, aged twenty-three, was admitted to the Section of Septic Surgerj% com- 
plaining of pain in the anterior aspect of the right leg, which had begun during a twents'-mile march on 
the previous day. There was an intense erj'thema over the anterior fascial compartment of the right 
leg. There was marked s^-elling of the leg, and a complete peroneal palsj'. Temperature was 98.6, pulse 
ivas 74 and regular. The blood count, including differential, serology, and urinalysis were normal. 

Incision of the anterior fascia cruris was done six days later. The anterior tibial muscle bulged out 
of its fascial compartment, as though it were under considerable pressure. The muscle was gray and 
avascular when first exposed, but it appeared to regain some circulation while under observation. A 
photomicrograph of a section of this muscle is shown in Figure 2. The incision could not be closed due 
to marked retraction of the skin edges. Healthy granulations developed over the muscle, allowing ap- 
plication of pinch grafts. Complete epithelization of the wound took place. However, there was no 
return of function to the ankle and toe extensors or to the peroneal muscles, and a permanent foot-drop 
resulted. 


Case 2. A white soldier, aged twenty-six, of Anglo-Saxon descent, was admitted to the Section of 
Septic Surger 3 % complaining of pain and swelling of the right leg. The family histor 5 ' was irrelevant. 
He smoked from twenty to thirtj’- cigarettes daily, and drank about one quart of whiskey per week. 
Hie only injury had been a sprain of the right ankle in childhood. For several months he had noted 
pains in both legs during forced marching. He had experienced a sudden sharp throbbing pain in the 
anterior part of the right leg, while walking the previous evening. 

Physical examination was essential^ normal, except for the right leg. The temperature was 98.6, 
pulse 1 8 per minute and regular; blood pressure 120/70. Laboratorj' findings were as follows: 

Red Blood Cells, 5,300,000 
Hemoglobin 100 per cent. 

White Blood Cells, 12,950 

Polymorphonuclear neutrophils 74 
Lymphocj-tes 20 

Monocytes 6 

eac ion to the Kahn test was negative; the sedimentation rate was six millimeters for the first hour; 
urinabsis showed nothing significant. 

and ^ Putient was first seen by the orthopaedic consultant two days after admission. Marked swelling 
an moderate erv-thema of the anterior surface of the right leg were apparent. There was a complete 
dm palsj'. The pulsation of the right dorsalis pedis was faintly palpable, but the pulsation of 

. ® posterior tibial arterj' was verj^ full and strong. Treatment was instituted by infiltrating the 
fst, second, and third lumbar sjunpathetic ganglia with a solution of 1 per cent, procaine. A defi- 
a , /"'U'Jning of the leg was produced within a few minutes. The sj’mpathetic block w.as repeated, and 
^P a anaesthetic of 100 milligrams of procaine was given three hours later, with a satisfaetorj- warm- 
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Fig. 1 

Photomicrograph (X 120) of anterior tibial muscle three days after onset of sj^mp- 
toms. Section stained with hematoxylin and eosin. 


ing of the entire right leg. A definite doisiflexion of the right second and fifth toes was observed six 
hours after the second sjTOpathetic block. However, the light anterior tibial muscle could be easily 
palpated as a stony hard mass. At operation a complete vertical incision was made through the anterior 
fascia cruris. The muscle immediately bulged anteriorly', exposing a gray', oedematous belly'. Patches of 
muscle about two to three centimeters m diameter and of a port-wine color were observed. About 50 
per cent, of the muscle was debrided until retractile and bleeding portions were encountered. The bleed- 
ing was not normal, but it was hoped that with the release of the fascia some collateral circulation would 
be established. A culture of the muscle showed no giowtli. A photomicrograph of this muscle is shown 
in Figure 1. The patient lemained essentially' afebrile, but a foul odor developed about the right leg- 
He was again operated upon thirteen day's following the first operation. The entire anterior tibial and 
extensor hallucis longus muscles were found to be gangrenous, and were remoi'ed by' finger dissection. 
The anterior tibial artery was found to be pulsating normally' at the level of the opening in the inter- 
osseous membrane, but this pulsation rapidly' diminished, so that it could not be felt two centimeters 
distally. A gray firm mass, 2 5 centimeters in diameter and one centimeter thick, was found encircling 
the anterior tibial vessels eight centimeters from the inferior edge of the opening of the interosseous 
membrane. A segment of the anterior tibial ai teiy and vein, fifteen centimeters in length, and including 
the mass, was excised between ligatures. No oedema oi color changes on sliifting of position develope 
in the foot. Complete healing of the wound took place. There was return of excellent function to tie 
peroneal muscles and short extensors of the toes The patient was able to walk quite well with a Jigi 
spring drop-foot brace. All studies of the cardiovascular sy'stem have been negative, except for the lesions 
of the anterior tibial vessels. 

PATHOLOGY 

The microscopic picture of the affected muscles is shown in two stages early in tl'® 
disease. Figure 1 is a high-power photomicrograph of a section of muscle made tin ee 
days after the onset of symptoms, revealing a marked enlargement, swelling, and intra- 
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Fig 2 

Photomicrograph (X 120) of antenor tibial muscle si\ daj's after onset of symptoms Sec- 
tion stained with hemato\ 3 lm and eosin 


fibrillarj’’ oedema of the muscle cells. The muscle cells have lost their striations, and some 
of them are undergoing necrosis. There is an exudate of serum in some cells bettveen the 
muscle fibers The blood vessel shows the same type of degenerative process that is found 
in the muscle cells. There seems to be an increase in fibrosis about the vessel, and there 
is a fresh exudate of polymorphonuclear leukocytes and round cells in the adventitia of 
the vessel and in the surrounding fibrous tissue. There is also a moderate cellular exudate 
in the media of the vessel. 

Figure 2 is a high-power photomicrograph of a section of muscle six days after the 
onset of symptoms, showing fragmented pieces of muscle fibers undergoing various degrees 
of degeneration. Some of these are enlarged and oedematous. Others are necrotic, and 
nre being absorbed by an infiltrate composed of round cells, macrophages, atypical giant 
cells, and fibrous tissue. All of the muscle cells have lost their striations !Many of the 
capillaries between the muscle fibers are greatly dilated, probably because of the loss of 
n supporting wall formed by the muscle fibers. 

In short, the section shovs degeneration and necrosis of muscle, and replacement of 
this process by young fibrous tissue, macrophages, round cells, and giant cells. These 
pathological changes took place v ithin six days after the onset of symptoms. The end 
result of this pathological process would be complete replacement by dense fibrous tissue 
of the degenerated and necrotic muscle cells. In other parts, where large areas of the 
muscle may be involved, the process of absorption of necrotic tissue and replacement by 
fibrous tissue may not be great enough to cope with the large areas of necrosis, and a 
necrotic sequestrum of muscle may result, as described by Bristow and by Griffiths. 
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Fig. 3 

Photomicrograph (X 44) of anterior tibial artoiy and portion of the anterior tibial vein six- 
teen days following onset of acute symptoms. Section stained with hematoxylin and eosin. 

The microscopic picture of the vessels involved in the ischaemia of the anterior tibial 
muscle and long extensors of the toes is shown in Figure 3. This low-power photomicro- 
graph of the anterior tibial artery reveals a marked thickening of all the layers of the 
artery. The lumen is narrowed. The intima is thickened, and there is reduplication of 
the internal elastic membrane. The muscularis is hypertrophied, somewhat fibrotic, and 
contains an occasional round cell. The adventitia is greatly thickened, and also has 
round-cell infiltration. The periarterial tissues are markedly fibrotic, and densely infil- 
trated with a cellular exudate, consisting of round cells, plasma cells, and polymorpho- 
nuclear leukocytes. The adjoining vein is also involved in this pathological process. The 
marked fibrosis of the adventitia and of the periarterial tissues is obviously of long stand- 
ing, and antedates the changes in the muscle shown in Figure 1, which was taken from the 
same patient. 

Pathogenesis 

The cause of the fibrosis of the media, adventitia, and periarterial tissue of the ante- 
rior tibial artery is subject to conjecture. Chronic trauma has been advanced as the cause 
of arterial lesions by Learmonth, Blackwood, and Richards. They described four cases 
of localized arterial thrombosis of undetermined origin. The brachial artery was throm- 
bosed in one patient, and the femoral artery in three patients. They demonstrated the his- 
tological sections of the arteries in two cases, which revealed some similarities to the 
section presented here. They concluded, by exclusion, that trauma was the causative 
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] agent. Lowenberg affirmed that the use of a chipping hammer, and the operation of a 
'! stiff foot pedal on a tractor were factors in the production of arterial thrombosis. 

' A'ogt observed soldiers suffering from ischaemia of the anterior tibial muscle, and 
I concluded that continued sliding contact between the anterior tibial vessels and the edge 
^ of the aperture in the interosseous membrane produced an irritation leading to vasospasm 
and resultant ischaemia. This theory is not substantiated by our operative findings in 


Case 2. 

Sirbu, INIurphy. and White described ischaemia of the anterior tibial muscle in two 
' solfficTS. In one soldier, the ischaemia developed following repair of a hernia of a small 
1 muscle, and in the other soldier, ischaemia of the anterior tibial muscle of both legs fol- 
i lowed as a result of marching. These writers believe that there is a direct relationship be- 
! tween excessive marching and circulatorj’^ disturbances in the anterior tibial muscle. 

! Howard has studied the chemical and histological changes in the muscle of patients 


1 having peritendinitis crepitans. This condition develops 
S when individuals perform certain repeated, rapid motions 
j to which they are unaccustomed, or when they continue 
I to use a muscle tliat has suffered a direct trauma. 

' The primarj’ pathological change is exhaustion of 

' the muscle, with retention of lactic acid, and a depletion 
of muscle glj’cogen. Histologicalb' the venules are throm- 
' bosed; all tissues are oedematous; hemorrhage is present 
in areolar tissue and muscle ; and fibrin is deposited about 
I the peritenon in clumps. The muscle fibers have lost their 
cross striations, and they may be hyalinized in mild cases, 
or they may be frankly necrotic in severe cases. 

Howard believes that all of these changes arise from 
fatigue and muscle exhaustion, and not from bacterial 
infection or so-called toxic conditions. His excellent 
work may explain the onset of severe ischaemia in 
soldiers after marching. The continued motion of pick- 
ing up the foot while marching is accomplished by the 
anterior tibial muscle and long extensors of the toes 
' These muscles become swollen when they are exhausted, 
and undergo the chemical and histological changes de- 
scribed above. 

If the circulation to these muscles is alreadj' im- 
paired by fibrosis of the anterior tibial arterj", the circu- 
lation becomes definitely inadequate with the develop- 
ment of the increased pressure in the closed fascial space. 
Peritendinitis crepitans does not occur because of the 
ischaemia and the consequent absence of hemorrhage and 
deposition of fibrin. 

No specific factor has been proved to be the causative 
ngcnt of the arterial changes. It may be surmised that 
the hypertrophy and fibrosis of the media, and the fibrosis 
of the adventitia and periarterial tissue are the results of 
repeated overwhelming demands made upon the anterior 
tibial artery. Involvement of the adventitia max* cause a 
reflex vasoconstriction that affects the entire collateral 
network. This has been demonstrated experimentally and 
clinically by Leriche. The additional factor of swelling 
of the muscle, due to chemical and histological changes 



Fig. 4 


Dis-ection of the fa-cia of tlic 
leg (From the DcpnTlmrnl oj 
Anatomy, L'lnicr-aty oj CaUjorma 
Medical School.) 
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Surgical treatment includes extensive fasciotoinj'- of the anterior fascia cruris, and, in 
certain cases, when indicated, arteriectoiny of the anterior tibial artery. Fasciotomy was 
sufficient to allow return of circulation in one leg of a patient having bilateral involve- 
ment.^^ Fasciotoiny did not adequately improve the circulation in either of the cases re- 
ported here, but it did relieve the pressure on the branches of the common peroneal nerve, 
and allow their return of function in Case 2. 

Arteriectoiny should be performed, if pulsation does not return in the anterior tibial 
arterj'. This procedure, advocated bj’’ Leriche. has been recommended recently by Grif- 
fiths and by Foisie in the treatment of acute Volkmann’s ischaemia. 

Leriche believes that the obliterated artery becomes' a diseased sympathetic nerve, 
inducing vasoconstriction in the collateral network. He has demonstrated the increase in 
collateral circulation following resection of the diseased arteiy. He reported a series of 
sixty cases of varied tjqies of arterial disease, involving seventy-eight arteriectomies. 
There was definite relief of symptoms in 43.6 per cent, of all cases described. The greatest 
percentage of relief occurred in the traumatic cases, where relief was obtained in 66 per 
cent. 

It may, therefore, be concluded that arteriectomy should be strongly considered as 
a therapeutic procedure in all cases demonstrating serious involvement of the anterior 
tibial artery. 
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Fig. 6 


{Redrawn /rom Hand Allas oj Hitmati Anatomij by Spaltchoh, and rcpro~ 
by courtesy of J, B. Lippincott Cotripany.) 
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CONCLUSIONS 

1. The syndrome of localized ischaemia of the anterior tibial muscle and long exten- 
sor muscles of the toes presents a definite entity. 

2. The essential vascular cliange is a fibrosis of the media, adventitia, and periarte- 
rial tissue of the anterior tibial artery, with ensuing occlusion. 

3. The histological changes in the affected muscles are identical to those occurring 
in Volkmann’s ischaemia. 

4. The pathogenesis is obscure, but may be explained by repeated overwhelming 
physiological demands upon the anterior tibial artery, such as occur in long periods of 
training in the infantry, and in athletics. 

5. The acute onset of severe ischaemia during marching is probably due to muscu- 
lar exhaustion, and swelling in the anterior fascial compartment. 

6. The musculature of the anterior fascial compartment is particularly vulnerable to 
circulatory disturbances, because of the anatomical arrangement. 

7. Early block of the lumbar sympathetic ganglia and early complete vertical inci- 
sion of the anterior fascia cruris improve the collateral circulation, and permit the return 
of function to the common peroneal nerve. 

8. Arteriectomy is indicated, if segmental arterial spasm persists or if arterial occlu- 
sion is present. 

9. Idiopathic claw-foot may be the result of insufficiency of the anterior tibial artery 
with ischaemic contracture of the anterior tibial muscle and long extensor muscle of the 
toes. 

Note: The author is indebted to Lieutenant Colonel T. P. Shoemaker, Medical Corps, Army of the 
United States, for his assiduous advice in the preparation of tlie manuscript, and to Lieutenant B. M. 
Chapman, Medical Corps, Army of the United State.s, for his interpretation of the microscopic sections. 
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SEVERE WAR INJURIES OF THE ELBOW* 


BY MAJOR SPENCER T. SNEBECOR AND MAJOR WALTER C. GRAHAM 
Medical Corps, Army of the United Stales 

Experience on the Orthopaedic Service at the Valley Forge General Hospital has given 
a fair perspective on how to meet the problems of severe elbow fractures as the}^ occur in 
war casualties, in the various theaters of w'ar. 

First of all, it has been found necessarj'' for purposes of analysis to make a thorough 
objective examination of each patient’s injury. The study should cover the complete his- 
lorj"^ of the patient: how', when, and wdiere he was wounded; what his initial treatment 
was; and what had been his intermediate care. Usually all of the patient’s roentgenograms 
accompany him. As soon as convenient, new^ roentgenograms are taken without the plaster 
casts, to show the complete detail of structural derangements. The following points cov- 
ered in the examination call attention to the special nature of these injuries. 

1. Nerves: Is there any paralysis? The first check is the motor and sensorj’- response 
of the ulna, the medial, and the radial nerves, because so often in shattering compound 
injuries about the elbow’ one or more of the major nerves are involved. 

2. Blood Vessels: Three cases of obliteration of the brachial artery have shown the 
seriousness of circulatory complications. In two of them severe contractures of the hand 
and WTist followed the resulting ischaemia. 

3. Muscles: Partial tears of many of the muscles are common and not too serious, 
unless innervation has been damaged. 

4. The Joint: Each case is considered not as a simple fracture, but as a badly com- 
minuted and disorganized elbow joint. Yet, with conservative support and protection, it 
is amazing to see fragments of bone and periosteum coalesce, and resolve into strong healthy 
bone. Gradually the joint itself regains form and detail. In the final stages of healing, 
motion and even active use may be permitted to determine the residual factors which 
must be met. Is there hinge action? Is there any rotation? What fragments are missing? 
Which distortion causes a block of flexion or extension? Is there non-union? Each case 
may present numerous and intricate abnormalities of the joint structure. For these rea- 
sons the general management of the bone comminution must be definitely conservative. 

FUNCTIONAL OBJECTH'ES 

One must carefully analyze the residual or prospective joint function according to the 
follow’ing precepts: 

1. Strength: Experience w’ith patients gives the impression that the most desirable 
objective is a stable elbow to strengthen the forearm and hand. To obtain this a fixed 
elbow’ is far better than a painful or a flail elbow. 

2. Range of Motion: If an elbow’ must become fixed, it W’ill be most useful to a man 
doing heai’j’ w’ork, for example, to have it fixed at an angle of 110 to 120 degrees. A range 
of from 70 to 120 degrees of flexion and extension, with 50 per cent, of normal pronation 
and supination, gives a useful elbow. 


INTERMEDIATE TREATMENT 

Following this objective analj’sis of the problem, a plan of treatment can be laid out 
for the patient, and the various steps can be I’isualized. Each one of the follow’ing phases 
Must be cared for in turn: 

* Presented at the meeting of the Orthopaedic Club of Philadelphia at Valley Forge General Hos- 
pital, October 13, 1944. 
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Fia. 1-A 



Fig. 1-B 


Case 1. Injury occurred in Tunisia, January’- 1943, in 
collision of truck and half-track. 

Fig. 1-A : Roentgenogram at time of admission, showing 
healed fractures of head of radius, e.xternal epicond 3 de, and 
olecranon. Rotation of only 20 degrees in pronation ; flexion 
to 90 degrees; extension of 130 degrees. 

Fig. 1-B: Postopeiative roentgenogram, following re- 
moval of wire around olecranon, excision of head of radius, 
and projection of external epicondyle. Rotation 70 per cent, 
of normal; flexion to 75 degrees; extension to 150 degrees. 


At tlie beginning, the open 
wounds must be carefully dressed. 
If the wound is deep, and bony in- 
stability is a strong factor, it is ad- 
visable to use plaster dressings for a 
time. As a matter of fact, most of 
the cases arrive from overseas in 
plaster casts. Plaster has its advan- 
tages: for transportation, for rest of 
the injured part, for support to the 
circulation, and for control of the 
bone fragments. However, the plas- 
ter is removed as early as practical. 
Soft- tissue healing takes place faster 
outside of plaster, and early mobili- 
zation of the elbow can also be car- 
ried out to advantage. Exposed bone 
must be trimmed back so that granu- 
lations will spread over it. Sequestra, 
if they are causing persistent sinuses, 
must be removed. 

RECONSTRUCTIVE SURGERY 
Reconstructive surgery on elbow 
joints must not be undertaken too 
soon. Not only must the danger of 
infection have passed, but also all 
active tissue reaction must have sub- 
sided before any operative procedure 
can be assured of success. The use 
of penicillin, before and after opera- 
tion, greatly decreases the chance of 
infection, and permits much earlier 
operative intervention. Nevertheless, 
the postoperative proliferation of 


fibrous tissue, the thickening of the capsule, and the progressive phase of myositis ossifi- 
cans are the dangers to be avoided by waiting until months have passed. 

The best way for us to analyze the possibilities for reconstruction of an elbow joint is 
to follow down along anatomical lines: 


A. Epicondyles of the Humerus: The epicondyles have little significance in severely 
deranged elbows. If they are destroyed, the muscle origins will re-attach themselves to 
the bone and fascia, and continue to function properly. In time they may regrow. Many 
spurs of bizarre appearance will form on the condyles as the muscle origins, which have 
been torn loose, become re-attached to the bone. Whenever these spurs seem to interfere 
with function, they are removed, as in Case 1, without any subsequent weakness of the 


extensors. 

B. External Condyle: Here, function is checked by a bony block. The most common 
type of severe fracture of the external condyle results in rotation, and, usually, forward 
displacement of the capitellum in varying degree. The functional loss is limitation of 
flexion and extension, because of blocking by the radial head. Rotation is often nearly 
normal. Nevertheless, if the flexion block is beyond 90 degrees, it may be wise to resect 
the radial head ; a decided gain in flexion will follow. The capitellum may be reshaped at 
times by removing the anterior deformity. 
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A most instructive case was one in 
which the external condj'le was entirely 
missing (Case 2). Yet, this soldier had a 
strong, painless, and useful arm with flexion 
to 75 degrees, extension to 140 degi’ees, and 
complete rotation. His wrist and hand ex- 
tensors worked normally, although no bony 
origin for the muscles could be demon- 
strated. Apparently, the extensor muscles 
attached themselves to the fascia and scar 
tissue leading to the shaft of the humerus. 
In retrospect, serious thought has been given 
to the relative importance of the entire ex- 
ternal condyle. Apparently as long as 
enough of the trochlea remains to give sta- 
bility to the swing of the olecranon, the 
outer condyle is not essential. Noteworthy 
in these cases is the fact that rotation is 
complete. 



Case 2. Soldier wounded in Italy, in January 
1944, by machine-gun bullet. Final stage of bone 
healing, with external condyle and capitellum 
completely missing, yet functional result excel- 
lent. Strong, stable elbow. Rotation complete; 
flexion to 75 degrees; extension to 140 degrees. 


C. Internal Condyle: The internal condyle ma 3 ' be fractured as often as the external, 
but the final results are quite different. The joint between the condyle and the olecranon 
may be so destroj’’ed that eventual spontaneous fusion will take place. With this antici- 
pated outcome, care must be taken to preserve the joint angle for greatest usefulness. 
Case 3 illustrates this point. The boy had a fixed olecranon, but retained complete rotation. 
He left the hospital with a strong right arm, and with everj' antieipation of resuming his 
occupation as a stable groom. In other cases, as in Case 4, a fair amount of motion maj* 
be preserved, even though considerable deformity results. This soldier’s flexion range was 
from 70 degrees to 135 degrees, while the radial head remained free, and rotated normalljL 
The result was quite satisfactory from the vienTioint of function. Such reconstructive sur- 
gerj' as can be performed on the inner side of the elbow is limited at this stage, but later an 
arthroplast 5 ’' may be done. 

D. Olecranon: The hinge action of the elbow will function with very little of the 
olecranon. As long as the triceps attachment is preserved, it has stability, and functions 
I cry Well. In comminuted fractures of the proximal olecranon, it is advantageous to discard 
the fragments. In two cases the olecranon was considerablj’’ shortened, with excellent 
functional results. 


In a number of cases the olecranal fossa was distorted and was filled with callus. 
Reshaping the fossa has not resulted in as much extension as was anticipated, possiblj' 
ecause sufficient bone was not removed. In retrospect, the writers would prefer to shorten 
t le olecranon bj^ as much as one-third to one-half of its proximal end, where it blocks 
extension. The triceps tendon would be re-attached after subperiosteal reflection. Insta- 
jlity of the joint will not follow. Fragments of the coronoid process of the olecranon maj' 
e so be removed without the joint slipping backward in extension. 

H- Radial Head: Loss of full rotation is the common result of conuninuted or dis- 
P aced fractures of the head of the radius. Experience with corrective surgery^ for these 
rotation handicaps has been quite satisfactory. Resection of the head of the radius will 
^oar 3 alwaj’s give 50 to 85 per cent, of the normal range (Case 1) . Two patients lost the 
Upper radius down below the bicipital tubercle without any serious impairment of function 
® iG biceps. The attachment to the ulnar aponeurosis continued. The nwiters’ follow-up 
las not been long enough to discover how many painful radio-ulnar joints develop after 
^Gsedion of the head of the radius. Removal of the distal end of the ulna has been a satis- 
ae orj correction for this complication in several painful radio-ulnar joints resulting from 


injuries. 
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Fig. 5-A Fig 5-B Fig 6 

Case 5. Soldier injured in truck accident in Italy, Februarj' 1944. 

Fig. 5-A: Dislocation of elbow with fracture of the head of the radius, which was excised overseas. 

Fig. 5-B : Myositis ossificans, scar tissue, and contracture of anterior capsule which restricted ex- 
tension to 90 degrees. Flexion and rotation practically complete; 50 degrees of extension was gained 
by anterior capsulectomjx 

Case 6. Soldier struck by propeller of plane, June 1943, in Libi'a S 3 'nostosis between proximal 
radius and ulna following fracture of ulna. Rotation of 75 per cent, regained after excision of bony 
bridge. 

F. Anterior-Capsule Block; This clinical entity arises from thickening and contrac- 
ture of the anterior capsule of the elbow joint, with or without the deposition of calcium or 
the presence of bone fragments from the coronoid process of the ulna or the head of the 
radius. Usually the brachialis muscle has been lacerated and replaced by fibrous tissue, 
or myositis ossificans has developed. These cases are quite common after the usual disloca- 
tions of the elbow, as well as after the severely comminuted fractures seen by the writers. 
The functional handicap here is loss of extension. A satisfactory operative correction for 
this may be performed after a safe period has elapsed in which to allow all tissue reaction 
to subside. Resection of the anterior capsule of the joint, along with removal of scar. tissue 
and bony masses, will ensure a reasonable improvement in extension. Postoperatively, 
these patients should wear splints, and the elbow should be in extension for three weeks. 
After that time, a night splint should be worn in order to prevent any tendency toward 
recurrence. In Case 5 there was a gain of 50 degrees by operation, a range of 70 to 140 
degrees. 

G. Synostoses: These may occur between the radius and the ulna near the joint. 
Resection of these bony bridges must be done carefully and thoroughly. Soft tissue mu.st- 




Fig 7-A Fig. 7-B 

Case 7. Wound was caused by shell fragments, m Tunisia, March 1943 

Fig. 7-A: False joint in supracondjdar region, after soft-tissue healing, was i\eak and un=table. 
, 7-B: Realignment with fibrous umon that permitted 10 degrees of motion; an additional 10 

ne^ees of motion remained m the true joint. Rotation m true joint complete. Ann now strong 
and stable. 
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always be interposed to prevent their recurrence. One patient (Case 6) regained two- 
tliirds of normal rotation. Case 8 represents a different problem, but this was solved bj"^ 
resecting one inch of the proximal radius; at least two-thirds of normal rotation returned. 

H. Pseitdarthrosis: This supracondylar false joint, as shown in Case 7, produced a 
weak, awkward action of the elbow and the hand. At operation the old bone was removed, 
and the fragments were replaced in relatively normal alignment, and fixed with Kirschner 
wires. The hoped-for union failed, probably because of the development of a low-grade 
infection, but the pseudarthrosis stabilized verj’- well, with only 10 degrees of painless 
motion. Ten degrees of motion also remained in the elbow joint. The final analysis was: 
rotation complete and painless; flexion from 80 to 100 degrees with good strength. This is 
considered preferable to a fixed joint. 

I. Flail Joint: What to do in case of a "blasted” elbow was solved in Case 8. During 
the healing of the deep wound, stability was maintained by plaster fixation. As soon as 
clean granulation tissue had filled in the gap, a split-thickness skin graft was applied to 
cover the wound. Later the plastic surgeons removed 
this and substituted a full-thickness abdominal flap. 

In due time this permitted an extensive operation to 
clean out the mass of scar tissue and odd bone frag- 
ments where the joint had been, and to align the radial 
and ulnar ends against the humerus. While firm fusion 
was not obtained, stability was. About 10 degrees of 
motion persisted, but the arm had good strength with- 
out pain. The rotation which had been lost bj’- synos- 
toses was restored successfully bj" resecting an inch of 
the proximal radius. It should be noted that the flexor 
group of forearm muscles functioned with excellent 
strength, even though both condyles of the humerus 
were missing. 

J. Unstable Elbow from Non-Union of Proximal 
Ulna: Disruption of ulnar continuity near the joint 
definitely results in the serious handicap of instability. 


i 


I 


Pig. 9-B Fig. 9-C 

Case 9. Soldier, wounded in Sicily by machine-gun fire, in July 1913. 

Fig. 9-A: Complete excision of deep scar over upper ulna; area covered by shifting full-thickness 
local flap. Residual scar was covered by free split-thickness graft from thigh. 

Fig. 9-B: Showing defect in ulna, with angulation and rotation of olecranon. 

Fig. 9-C: Application of fibukar graft; proximal end doweled .and fitted a- intraniedullan- graft ; 
distal end “stepped"’ against shaft and held by two screws with nuts and w.ashers. 
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While the radius serves as a guide in forward and backward motion, it acts simply as a 
pivot on which the forearm twists laterally when the ulna is missing. Case 9 illustrates 
this condition clearly. Before a bone graft could be attempted, the rotation had to be cor- 
rected by means of a series of casts, in order to realign the olecranon with the rest of the 
shaft. 

K. Paralyses: Patients have been treated for persistent loss of muscle function due 
to injuries to the nerve in the elbow region, including the ulnar, the median, and the radial 
nerves. Tendon transplants for radial paralysis give excellent results. In a number of cases, 

the same basic muscle-transfer opera- 
tion with minor variations was per- 
formed, A typical example was Case 
8, where the patient’s elbow joint was 
“blasted” out, and there was a five- 
inch gap in the radial nerve, which 
caused a paralysis of all the extensor 
group. Here the flexor carpi ulnaris 
and flexor carpi radialis were trans- 
planted into the extensor tendons of 
the fingers and thumb. There is little 
problem with re-education. Simple oc- 
cupational therapy will develop the 
Fig. 10-A new coordinating action of the muscles. 



Fig. 10-B Fig. 10-C 


Case 10. Soldier, wounded by shell fragment, in Algiers, in June 1943. 

Fig. 10-A ; Perforating wound of elbow which destroyed brachial artery, as well as fracturing in- 
ternal condyle. 

Fig. 10-B: Severe flexion contracture (Volkmann t 3 uie), following ischaemia of forearm. Very 
little muscle power. 

Fic 10-C: At carpectomj’^ (upper roentgenogram^ radius was fused to second, third, and fourth 
mi^tncarnals bv sliding bone graft. At final operation, bone block was inserted between the first 
«pcnnd metacarpals to hold the thumb out for opponcns action. Result: improved position of 
hand in relation to forearm (lower roentgenogram). 

L Ischaemic Contractures: To complete the discussion of elbow problems, two cases 
of severe muscle destruction and contracture should be included. These followed gunshot 
• unds about the elbow, which involved the brachial artery, and resulted in a severe con- 
r nptui-e of the wrist and hand. After months of painstaking stretching and training of 
toaers and wrist, a carpcctomy, with arthrodesis from the radius to the metacarpais, was 

'uired in each case. The result was well worth the effort, for the hand was brought into 
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a good grasjiing position and the tendons were loose enough so that the little strength 
wliich remained in the muscles could be used to good adi'antage. 

CONCLUSIONS 

As a result of our experience Avith a fairly extensiA’'e series of seA^ere war injuries to the 
elbow joint, several guiding principles can be offered. 

1. A careful objective examination of each patient must cover nerves, blood vessels, 
muscles, joints, and bones. 

2. Healing of the wounds must first be obtained, the optimum position for stability 
and function, and the importance of presein-ing motion whenever possible always being 
kept in mind. 

3. Early splint-thickness skin grafts are often needed to cover granulating surfaces. 
Later, full-thickness flaps may be substituted, to replace scar tissue and to permit recon- 
structive surgery. 

4. Removal of all exuberant bony masses around the elbow is an aid in promoting 
function. 

5. Surgerj' should be performed step by step, after it is ascertained each time that 
all tissue reaction has subsided, and the results of previous steps have been appraised. 
ConserA'atism is well rewarded, on the whole, for nature performs remarkable recoveries. 

6. For each anatomical displacement about the elbow, a special type of reconstruc- 
tive surgery is indicated. 

7. Much of the normal elbow structure — such as the olecranon, the coronoid, the 
external condyle, and the head of the radius — may be lost or removed in indmdual cases 
without too seriously affecting function. 

8. A careful follow-up program of physical and occupational therapy is necessary 
to obtain good results. 

9. The primary measure of usefulness of an injured elboAA' is stability, so that the 
forearm and hand may haA’e strength. A moderate range of motion, including rotation of 
the forearm, proAudes added basic usefulness. 


DUAL PLATES FOR INTERNAL FIXATION IN NON-UNION 

OF FRACTURES 


BY J. ALBERT KEY^ M.D., ST. LOUIS^ MISSOURI 

Fiom the Department oj Sinqeiy, 

Washinqlon Univeisity School oJ Medicine, Si Louii 

Last Fall the writer was consulted by a patient with flail pseudarthrosis of the hu- 
merus of eight years’ duration, with a relativcl}'- short distal fragment. The patient had 
only one leg, the other having been amputated at the time of the injury to the arm. 
-However, he walked so well on his artificial leg that the disability was not noticeable. 

Since two patients from whom massive grafts had been removed had suffered frac- 
tures of the donor leg some three months after the operation, some hesitation was felt in 
removing dual grafts from the patient’s only leg, so he was sent home until another pro- 
cedure could be decided upon. 

In view of past experience with stainless-steel bone plates used in combination with 
Steele’s barrel-stave grafts or Abbott’s iliac grafts,^ it seemed that dual bone plates, sup- 
plemented by iliac grafts, might achieve the desired result. Consequently, a series of 
paired bone plates, one of each pair being threaded for the standard bone screws, was de- 
signed. Since Murray had emphasized the necessity of fixing the fragments in two planes 
in order to obtain rigid internal fixation, one group of plates was designed with a curved 
arm, projecting from each end and in opposite directions to provide for screws at right 
angles to those in the body of the plate. The others were ordinary steel plates, half of 
which were standard, and in the others the screw holes were small and threaded. 



Fig 1-A 


Fig 1-B 


Fig 1-C 


Dual .Jntc. a,.,. lied to luo oU uuun.tod fru.l.i.o of U,o l.un.cn.. 

Fie ih aud F.6 1-B ahotv the plates .upploo.ontcd by iliat pr.af,. 

Fig 1-C shows bairel-stiue guiftS Imnicnis was purpo-oh angulatcd to iinpioie llic position 


of the stiff elbow. 
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At the first operation, on an ununited and deformed femur, it was soon found that the 
application of the plates with the curved side arm was too difiBcult a procedure to be 
practical. Therefore, the ordinary straight plates were used, and even in the application 
of these, an unforeseen jiroblem arose when it was attempted to insert the second screw. 
It was necessarj' to so drill the hole that the drill point would emerge exactlj’- opposite the 
hole in the plate on the far side of the bone, and stop before it spoiled the thread in the 
plate. However, the difficulty was partly solved b}' using a small drill, wdiich was drilled 
through each inaccessible and invisible hole in the threaded plate on the deep aspect of 
the bone. The hole was then enlarged to permit free passage of the screws through the 
bone. Although the threads in the last hole in the deep plate were destroyed by the drill 
(Fig. 1), even without this sixth screw the rigidity obtained when all of the screws w^ere 
tightened was amazing. The plates acted as clamps and fixed the bones rigidly, permit- 
ting no movement in any direction. 

A drill guide was at once designed, which is now available commercially, in order to 
make the application of the plates a practical surgical operation. It consists of a modi- 
fied S-curved metal bar with a button on one end to fit into the threaded hole in the deep 
plate. The third at the middle of the bar is straight, and on this there is placed a guide 
vhich fits a drill (nine sixt 3 '--fourths of an inch). This guide slides up and down, and is 
provided with a set screw' which locks the tubelike guide against the hole in the super- 
ficial plate. A drill passed through the guide strikes against the button, thus ensuring 
correct position of each drill hole. 

In applj'ing the dual plates, the site of the fracture is e.xposed through a relativelj' 
long incision, in order that wdth retraction tw'o sides of the ends of the fragments can be 
exposed. The fracture is then reduced, and held with bone forceps, while suitable plates 
are selected and placed in position. If necessaiy, the exposed surface of the bone can be 
shaved or grooved wdth a chisel to provide a suitable bed for the superficial plate. 

AVhen the superficial plate is in place, a single hole is made straight through the bone 
vith the drill. This hole should be made at the most inaccessible end of the plate, and 
should pass through the hole in the superficial plate, and emerge from the bone in the 


area to be occupied bj' the deep plate. The deep plate is then placed in position, and a 
screw' of suitable length is passed through the end bole of the superficial plate and the 
bone, and is engaged in the 


threaded hole in the deep plate. 
The ends of the tw'o plates are 
screw'ed together, but not verj' 
tightly. ' 

After the fracture has 
been reduced and the plates 
have been applied in the de- 
sired position, the button on 
the end of the guide is then 
placed in one of the threaded 
holes in the deep plate, the 
^ide sleeve is slipped down 
into the larger hole in the 
superficial plate, and the set 
Screw on the guide is tightened 
to hold it in place. Then the 
drill (nine sixty-fourths of an 
inch) is passed through the 
sleeve and drilled through the 
bone until it contacts the but- 
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Old supramalleolar fracture of the leg. fixed by dual plates plus 
a free (Phemister) graft on the posterior surface of the leg 
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Fig. 3 

Old fracture of the femur, fi.xed by dual 
plates, supplemented bj'’ ban el-stave grafts. 


• Fig. 4 

Old fracture of the tibia, fixed by dual plates, 
supplemented by iliac grafts. 




ton in the hole in the deep plate. The guide is then removed, and a screw of suitable length 
is inserted and tightened to a moderate degree. 

The other screw holes are then treated in the same manner, and, finally, when all of 
the screws are in place, they are tightened to clamp the bones firmly together. Thp 
wound is then closed in the usual manner. 

If one is dealing with non-union, the ends of the bones may be freshened, or revised, 
or subjected to multiple drilling as indicated, and the fracture site should be crossed by a 
free, short onlay graft of the Phemister type, or by the multiple barrel-stave grafts of 
Steele, or the iliac grafts of Abbott. These are supplemented by packing cancellous bone 
wherever it will do the most good. 

The dual plates supplemented by bone grafts, either from the ilium or the tibia, have 
been used in seven cases of non-union: one femur, two humeri, and four tibiae. In all, 
satisfactory fixation of the fragments was obtained, and the fractures have united unusu- 
ally rapidly. The amount of postoperative external fixation has been minimal. The femur 
was not splinted, and the patient was kept in bed with only a small pilloAV under the 
knee. There Avas no cast, and five pounds of traction Avas applied. This patient Avas able 
to raise his heel on the day after tlie operation. Four Aveeks after the operation he Avent 
home on crutches, Avith instructions to exercise the knee. Weight-bearing AAuth a cane was 
permitted four months after the operation. 

The tibiae Avere fixed in a cylinder cast to the mid-thigh for tlie first ten days or so, 
and then the sutures were removed, and a short leg cast Avas applied for a period of six 
AA^eeks. Weight-bearing Avas begun gradually. 

The humeri Avere immobilized in a posterior plaster mold, extending from the upper 
arm to the Avrist, Avith the elboAv flexed about 90 degrees. The Avrist AAvas suspended from 
the neck, and a few days after the operation SAA'inging or pendulum exercises Avere started, 
as in the hanging-cast ti-eatment of fractures of the humerus. Four Aveeks after the op- 
eration the plaster mold Avas removed, and tlie Avrist Avas supported by a craA^at sling. 
Exercise of the elboAV and light use of the arm Avere permitted. Tliese Avere increased 
gradually, and the cravat sling Avas discarded Avhen the patient felt that it Avas not needed. 
The humeri Avere quite strong in eight Aveeks. 

The dual plates haA'C not yet been used for the fixation of fresh fractures, because a 
case has not been encountered in Avhich they Avere indicated. They should be A^cry use- 
mi +n thnrouffhlv experienced surgeons, proA’ided further use docs not disclose contra- 
.;;yo°tLs Tl,e.e aJc certain objections to the dual plates: 

THE JOUHNAL OF IJONE AXD JOINT SUKGERV 


INTERNAL FIXATION OP FRACTURES BY DUAL PLATES 


635 


1. A long incision is nec- 
essarj’, and the bone must be 
exposed widely. This may ne- 
cessitate the partial stripping 
of the periosteum for a dis- 
tance of two to three inches 
(5 to 7.5 centimeters). This 
may be objected to by many, 
but the writer thinks that such 
stripping of the periosteum is 
not apt to delay or prevent 
union.® 

2. The operation may be 
difficult. This is especially 
true of the tibia, as one plate 
is placed on the posteromedial 
and the other on the antero- 
lateral aspect, in order that 
both may be well covered by 
soft tissue. It maj’’ be neces- 
sarj' to chisel a suitable flat 
surface on the bone for the re- 
ception of each plate, in order 
that they may lie parallel and 
grip the bone firmly. 

3. If the plates become 
loose or infected, their removal 
may be necessary, and this 
will be more difficult than the 
removal of a single plate. 

4. If possible, application of the dual plates should not be undertaken without a 
practical drill guide or jig and a full assortment of screws. The illustrations show that 
the correct length of the screw is too frequently not available. Thus far the projecting 
screws have caused no trouble, but they may do so, and, therefore, their use should be 
avoided. 

5. The self-threading screws with a channel are not suitable for metal, and occasion- 
ally they bind and have to be removed, and another screw substituted. Ordinary ma- 
chine-threaded screws would be more suitable, and these may be available later, if this 
method of fixing bones is favorably received by orthopaedic surgeons. 

The author has used the dual-plate method only in fractures with non-union and in 
conjunction with bone grafts. The operation is difficult, and leaving so much metal in the 
tissues is objectionable. It should be used only by experienced bone surgeons, and only 
m situations where rigid internal fixation is definitely indicated. It is not proposed as a 
routine method for the internal fixation of fractures, and its indiscriminate use should be 
discouraged. 

A similar method of internal fixation was used by Breck and Basom in a patient 
With a fresh fracture of both bones of the leg. They performed open reduction, and ap- 
plied a vitallium plate in the usual manner, and then placed a second vitallium plate on 
the opposite cortex of the femur, and fixed this plate with two vitallium bolts with vital- 
hum nuts in the deep aspect of the wound. They controlled the direction of the screw 
holes by means of a jig which was clamped to the first plate and the bone. They report 
taat the wound healed rapidly, and the patient was able to begin full weight-bearing in six 
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Old fracture of the tibia, fixed with dual plates, supplemented 
by free (Phemister) graft to the tibia. The defect from uhich the 
graft was taken is shown m the proximal half of the tibia 
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weeks. Good union was demonstrated three weeks later, and perfect results were ob- 
tained. 

It is believed that the hitherto unattainable degree of internal fixation afforded by 
the dual plates makes them useful in properly selected cases and in the hands of a suf- 
ficiently skillful surgeon. 
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A jMethod Combining Grafting and Internal Fixation * 

BY LIEUTENANT COLONEL THOMAS HORWITZ AND LIEUTENANT RICHARD G. LAMBERT 
Medical Corps, Army of the United Slates 

This paper constitutes a preliminarj’' report on a technique for the treatment of non- 
union and delajmd union in fractures of the long bones, involving the use of a plate for 
fixation plus iliac bone as graft material. As yet, insufficient time has elapsed for a final 
report. 

Any method purporting to be better than existing methods must of necessity be sim- 
ple, easy to use, applicable to large groups of patients, not require excessive operating 
time, and give as good or better end results. The following method seems to meet all of 
these requirements. The principle of graft materia] plus internal fixation in itself is not 
new, for methods using tibial grafts with one or more plates have been advocated in the 
treatment of malunion. 

There is, of course, controversy regarding the relative merits of cortical versus iliac 
bone as graft material. The essence of this controversy seems to be that while bone from 
the ilium is more readily revascularized and incorporated into the host bone because of its 
cancellous nature, tibial bone has the distinct advantage of being rigid enough to give good 
internal fi.xation to the host bone when fixed to it with screws. It is this quality of tibial 
bone which is responsible for the evolution of the classical operation for non-union of the 
femur, — namely, the massive tibial onlay graft. TFe feel, however, that what iliac bone 
lacks in rigidity is more than compensated for by its osteogenic qualities, and the simple 
addition of a plate imparts the required stability. The most marked disadvantage of 
massive tibial bone grafts, aside from their very slow incorporation into the host bone, is 
the weakening that results from their removal in a patient who already has one extremity 
that is inadequate. Any surgeon who has used large tibial grafts expensively has had the 
misfortune of seeing a new fracture in the donor bone. In addition, it will be recalled that 
the point of maximum stress on any fixation material is at the fracture site, and the in- 
cidence of fracture through tibial grafts after implantation is fairly high. 

. The ilium, on the other hand, can supply large quantities of bone without ill effect on 
the patient. For femora we have been able to get a single large onlay graft, 2.5 X 12.5 
centimeters (one inch by five inches), which is essentially flat on both cortical surfaces. 
In addition, numerous sliver and chip grafts are available. This involves removal of a con- 
siderable portion of the wing of the ilium, but we have not observed a resulting limp or 
other untoward effect, even where both iliac crests were used. 

In this series of cases, only iliac bone has been used. In fractures of the femur, six 
months from the date of injury has been accepted as the time indicating non-union, and 
four months without roentgenographic evidence of callus as the time indicating delayed 
union. In compound fractures, surgery was not used until six months after cessation of 
drainage and complete healing of the skin. 

One or two points in regard to the mechanics of the procedure should be mentioned. 
Clay Ray Murray has shown that placement of fixation elements at right angles to each 
other gives the maximum stability in fracture fixation. The grafts, fixed with two screws, 
have therefore been placed at right angles to the plate. A full-thickness iliac graft is a 
rigid piece of bone; and, when fixed by this method, adds materially to the stability of in- 
ternal fixation. In the instance of the femur, it was first planned to place the plate anteri- 

* Presented before the meetinc of the Chicago Orthopaedic Society at Vaughan General Hospital, 
Hines, Illinois, April 13, 1945. 
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Fig 1 


Stages of opeiative pioceduie. 

A demonstiates tlie fiactuie site exposed, and the fiagments i educed and well approximated 
with plate and sciews The trough has been piepaiod to receive the intramedullary giafts 
shown in place in B D shows the onlay giaft fixed in place, the adjacent sliver giafts and 
multiple drill holes, while the inset (C) demonstiates the lelative position of onlay, intra- 
medullarj^ and extiacoi tical slnei giafts 

orly and the graft laterally so that the large mass of the graft might not interfere with the 
quadriceps mechanism. Lateral platings had already been done in four cases, however, and 
since the plate should be placed at the point of maximum stress, which is usually lateral, 
in nine of ten femora the jilates were applied laterally and the grafts anteriorly. Appar- 
ently the mass of the graft has not interfered with quadriceps function. 

It is well known that, following the initial resorption of bone at the fracture site dur- 
ing the first few weeks, a plate often becomes a vicious factor, maintaining the gap at the 
fracture site and causing non-union by preventing contact of the bone ends This fact 
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might be used as an argument against leaving in the plate when a fracture has failed to 
unite, and against the use of plates at all with bone-grafts. The curetting out of all fibrous 
tissue at the fracture site, the packing of theinten-al with bone chips, and the use of the 
intramedullarj' and onlay grafts to bridge' the fracture site invalidate such arguments. 

METHOD OF TRE.ATMENT 

Preparation 

Three or four days prior to surgery, if th.e patient is not already in skeletal traction, 
a Kirschner wire or a Steinmann pin is placed in the distal femur, using local anaesthesia. 
On the day of surgeiy the patient ia. brought to the operating room in a Thomas splint, 
with the weight operating over the end of the splint. He is operated upon with the weight 
still acting over the foot of the table, so that his fracture is protected at all times; immedi- 
ately following surgerj' he is returned to the ward and again placed in balanced suspension. 

The usual two-day sterile orthopaedic preparation is given to the involved extremity, 
as well as to the opposite iliac crest. Blood transfusions are given if necessarjL It is im- 
portant to have the patient jn as good condition as possible, particularly in cases of frac- 



Fig. 4-A Fig. 4-B Fig. 4-C 


Patient, twenty-seven years old, received a simple, transverse fracture of the right femur, when 
struck by a vehicle. Treatment was by open reduction and plating, six weeks after injurj'. 

Fig. 4-A; Roentgenogram shows fracture five months after injury. There is no evidence of callus, 
and a definite distraction interval is eiddent. 

Fig. 4-B: Roentgenogram made two weeks after patient became ambulatoiy in a well-fitting 
ischial weight-bearing brace. The fracture had bowed, and the plate had loosened folloiving break- 
ing of its distal screw. 

Fig. 4-C: Roentgenogram made sixteen weeks following combined iliac bone graft and plate 
fixation, the original plate having been re-applied more securely. The fracture site was no longer 
evident, union was firm, and the grafts had become well incorporated into the lio.=t bone. On tins 
date, patient was ambulator^' in an ischial weight-bearing brace. 
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tured femur where the patient has been confined to bed for from four to six months or 
longer. On the morning of surgery, an intravenous injection of normal saline solution is 
started as soon as the patient has been anaesthetized, and blood transfusion is substituted 
as soon as active bone work begins. - 

Surgical Procedure 

The first operator, with one assistant, exposes the fracture site and proceeds with the 
plating; while a second operator, with one assistant, removes the grafts. A 15-centi- 
meter curved incision is made from the anterosuperior iliac spine along the iliac crest, and 
the bone is exposed subperiosteally. The curves of the crest are trimmed with an osteo- 
tome, and the large graft is cut with a motor saw, beginning at tlie upper margin of the 
antero-inferior spine and proceeding posteriorly. Numerous smaller sliver grafts are then 
cut with the saw or an osteotome. After the grafts have been removed, the wound is packed 
to control bleeding, and the second team then assists the first. 

In the case of a femur, a six-hole plate i.*? applied laterally or, if a plate is already in 
place, it is checked for stability. With the double-bladed rotary saw a slot, 1.8 X 6.2 
centimeters, is cut anteriorly across the fracture site, and this section of cortical bone is 
removed. The medullary cavity is opened at both ends, and all fibrous tissue is curetted 
from the fracture site. The slot is then filled with two or three sliver grafts of ilium, which 
can be made to fit quite firmly. The large graft is now placed over the inlay, after thor- 



Fic. 5-A Fig. 5-B 


Patient, aged twenty-one j'ears, sustained a compound, comminuted fracture of the rigiit femur 
as a result of enemy shell fire. 

Fig. 5-A; Appearance of fracture eight months after injury. There is no callus formation, and a 
complete non-union is pi-esent. The lateral bowing became exaggerated after the patient had been 
allowed up in an ischial w'eight-bearing brace for two weeks. The numerous metallic bodies in the 
region of the fracture are shell fragments. 

Fig. 5-B; Roentgenograms, made immediately postoperatively, show very strikingly the me- 
chanical principles of the combined operation. The massive illiac bone graft, held with two screws 
and washers, has been placed across the fracture site, overlying the trough with intramedullary 
grafts, at right angles to the si.\-screw plate. This patient was ambulatory, si.vteen weeks following 
operation, in an ischial weight-bearing brace, osseous union being firm, and the graft well incor- 
porated into the host bone. 


THE JOUHNAL OF BONE AND JOINT SURaERX 


UNUNITED FRACTURES OF LONG BONES 


643 





0 

1 

O 

o 

£ 


T? 

c3 

a 

c3 

d 

o 


d eS 
2^ 
■S- 

CJ 

§•2 

o-^ 

c d 

*0 § 
Cm 
m O 


s ; 

c3 

^ s 
tc : 
o t 
C c 
o ; 
tL-l 


2 C2^ 




d. d 

c3 ^ 

d 

>-< («-t 

~ m 


-d 

cc 

CQ 

hr d 

O d 


o 

> S 

Opii 

Ed 
o > 

CO d 
>=2 

^ 2 
^ *2 
2 w 


d 
o 

S p J= 


£-2 


.2 d ^ 
d a. 

02 2 

d o g 


u: d 
o o 
> -3 


5 

■4.3 C) 
;m 

-2 d 

d. s 

d d. 
o 


d _ 
o S 

d^ 

"ft" 

S ?: 




S 

^ c 


-Sf^ 

O" 


d d 


CO 


5 '==2 d 


^ CO 

-S O 

O 2 

S-^ 


« ► d H O IS 

«d CO £ d o 2 - -S 

•-■ *.n C d ^ 


O 

£ 


5 ^ d a 


C5 


- tc 
£ £ 


o d 
. > 
tc o 

3- 


» d^*-^ 
) 2-2 2 

: :SiS = 
, ^ d o 

t- V 

;0“£ 
■ ci 

. tM 

od: 

-d d 
ao u 


it 


'OL xxvn, NO. «, OCTOBER 1941 


644 


T. HORWITZ AND R. G. LAMBERT 


ough drilling of its contact surface. Because of its greater length, this onlay graft extends 
over cortical bone beyond the limits of the inlay. The graft is fixed with two screws, which 
usually pass between the first and second' and the fifth and sixth screws in the plate. The 
heads of these screws are often widened by addition of a fiat washer, to prevent their cut- 
ting through the soft iliac bone. The screws engage both cortices of the host bone after 
passing through the graft. Just before placement of the grafts, the fracture ends are thor- 
oughly drilled as an additional aid to union. After the grafts have been placed, the second 
team closes the iliac incision, while the first closes the extremity incision (Fig. 1). 

Postoperative Care 

All of the femora have been treated with skeletal traction in a Thomas splint as the 
only fixation. Twelve pounds of weight are used on a Steinmann pin or Kirschner wire 
through the distal femur. In ten patients operated upon, this has been adequate, and in 
no patient has position been lost. The patients are quite comfortable, and early knee mo- 
tion is instituted. This feature of the procedure is made possible by the addition of the 
plate to the bone graft. The skeletal traction has been changed to skin traction after ten 
or twelve weeks in all cases. It may be found possible to make this change earlier. The 
first five patients in this series have beeome ambulatory in isehial weight-bearing braces 
sixteen weeks after the operation. 

RESULTS 

The indications are that very rapid union and incorporation of the graft from the 
ilium occur, as will be seen in the following anatysis. Sixteen operations have been per- 
formed by this technique. 

Ten were for fractures of the femur, three of which were compound. Surgery was not 
attempted in the compound fractures until six months after cessation of drainage. The 
actual time before operation in these ten cases ranged from three to nine and one-half 
months from the date of injury. In four of the simple fractures, platings had been done 
from one to six weeks following injury. At the time of operation, all patients had complete 
non-union or delayed union, without evidence of callus. Only one patient was operated 
upon as early as three months after injury; this was done beeause of marked displacement 
of bone ends, with interposition of soft tissue. Results in these ten cases of fraeture of the 
femur are as follows: Five are solidly united and the patients became ambulatory, in ischial 
weight-bearing calipers, si.xteen weeks following operation. This includes one patient who, 
in addition, had a non-union of the opposite tibia, which was also grafted with ilium, and 
the patient was made ambulatory in a cast and brace. The other five patients were oper- 
ated upon less than sixteen weeks before the date of this report, but each is showing the 
same rapid incorporation of the grafts. No complications have occurred (Figs. 5-B and 
G-C). 

Four patients had fractures of both bones of the forearm, two compound and two 
simple, three of which were plated two weeks after injury; in all four there was non-union. 
Bone-grafting was done from six to nine and one-half months after injury, in the same 
manner as that described for femora. There have been no complications. All four patients 
have obtained solid union in twelve weeks or less. 

One simple fracture and one compound fracture of the tibia complete the series. The 
simple fracture had been plated four days after injury, and an additional transfixion screw 
had been inserted. In this case an iliac graft was used five and one-half months after 
injuiy. The patient was ambulatory, and the bone was firmly united fourteen weeks after 
the operation (Fig. 6-C) . The compound fracture presented a considerable defect, due to 
loss of bone, and fixation was obtained by means of a six-screw plate and a flange bone 
graft. The patient has been operated upon too recently to evaluate the results. 

In all eases there was healing without infection, and there were no complications 
except one malarial relapse three days after operation. 
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RESTORATION OF MUSCLE POWER BY HEAVY- RESISTANCE EXERCISES 


BY CAPTAIN THOMAS L. DELORME 
Medical Corps, Army oj the United States 

From the Orthopaedic Section, Gardiner General Hospital, Chicago, Illinois 

Exercise is essential in restoring function to muscles, weakened and atrophied as a 
result of injury and disease. Therapeutically, exercises may be classified according to the 
quality developed in the exercised muscle, — namely, power, endurance, speed, and coordi- 
nation. Failure to discriminate between these classes of exercises leads to the employment 
of the wrong type of exercise to develop the quality needed in the muscle ; inevitably the 
result is poor. Commonly the attempt is made to restore power by exercises to build en- 
durance ; this is a mistake. 

This paper deals with the redevelopment of muscle power, chiefly in the quadriceps, 
although some consideration will be given to other muscles. 

PRELIMINARY CONSIDERATIONS 

jMost injuries of the thigh and knee result in atrophy of the quadriceps of varying 
degree. When the local injury has healed, redevelopment of quadriceps power is the most 
important factor in restoring normal function to the extremity. The method here pre- 
sented for developing muscle power by exercise is founded on the principle of hea^'y- 
resistance and low-repetition exercises, whereas the generally accepted principle is low- 
resistance and high-repetition exercises' — ^such as stationary-bicjmle riding, lifting light 
sandbags or other weights through ropes and pulleys, stairclimbing, et cetera — which de- 
velop endurance rather than power. The fatigue that results from the latter is not due so 
much to overcoming resistance, as to the sheer number of repetitions; therefore, such exer- 
cise does not develop power. If low resistance is used for a low number of repetitions, no 
significant increase in either power or endurance results, and the only value lies in in- 
creasing slightly the joint motion. On the other hand, in our method we employ heaiy 
resistance that calls forth all the potential strength of the muscle. Since the rate and extent 
of muscle hypertrophy is usually proportional to the resistance the muscle must overcome, 
strength returns faster than in the low-resistance exercises. We believe this to be true, 
because we have seen many patients fail to obtain any appreciable quadriceps hypertrophy 
during several months of low-resistance exercises; whereas, with the hea\7--resistance 
exercises, we have uniformly recorded rapid hypertrophy (in several instances two to two 
and a half inches of hypertrophy of the thigh muscles within six to eight weeksL Power 
developed in the affected thigh until it equals that in the normal. When the strength of 
the limbs is approximately equal, then endurance exercises may be begun. Rather than 
attempt to develop endurance in an atrophied, weakened muscle, it seems more logical 
to restore muscle strength to normal, and then build endurance bj”^ means of low-resistance, 
high-repetition exercises. • 

, The quadriceps exercise described is particularly valuable, for it develops maximum 
power without weight-bearing. Since it is a non-weight-bearing exercise, it is especially 
aseful in redeveloping the musculature following meniscectomy, and in unstable knees, 
tn these two conditions, particularly when there is quadriceps atrophy, weight-bearing 
exercises (such as bicycling, stairclimbing, et cetera) frequently cause swelling and fluid. 
Except in rare instances, we have seen neither swelling nor fluid on maximum exertion 
'nth these non-weight-bearing exercises. In most of our cases, these symptoms have ac- 
tually completely subsided on exercise. After these patients have succeeded in restoring 
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normal power to their injured limbs, they are able to do the light weight-bearing exercises 
mentioned without either symptom developing. 

PROGRAM OF EXERCISES 

In this program of heavy -resistance exercises, the patient exerts his maximum power 
only once a week. The maximum quadriceps power for clinical purposes is taken to be 
the maximum poundage that can be raised to the point of complete extension of the leg, 
for one repetition. It is recorded in pounds. Once each week the patient exerts the maxi- 
mum effort of which he is capable for one repetition. On the other days, no weight heavier 
than that which is maximum for ten repetitions is used. This program of periodic maxi- 
mum muscular exertion is used even on the most atrophied muscles. Contrary to the popu- 
lar belief that after injury the quadriceps should never be exercised to its limits, we have 
never produced chronic muscle sprains or failed to achieve return of muscle power.^ On the 
basis of clinical observations in 300 cases in which this program of exercises was used, we 
firmly believe that even extremely atrophied muscles should exert their maximum effort at 
regular intervals. 

Description of Exercise 

The patient is seated on the table with his knees flexed at an angle of 90 degrees, and 
the boot is strapped on the foot. A folded blanket or pad is placed under the knees. The 
patient is now in the starting position, as illustrated in Figure 1. The leg is extended as 
completely as the disability will permit. The leg should be extended and lowered at the 
same rate. The movements are done smoothly, rhythmically, and without haste, but not 
so slowly that the mere holding of the weights will tire the patient. Quick or sudden mo- 
tions while exercising are to be avoided. A momentary pause at the end of each repetition 
is advocated. 

The importance of complete extension with each repetition cannot be overemphasized. 
The vastus medialis functions chiefly by carrying the leg through the last 15 degrees of 
extension. The disproportionately rapid atrophy of this muscle following injuries of the 
lower extremity and prolonged immobilization with resultant inability to completely 
extend the leg is a familiar clinical picture. Restoration of strength to the vastus medialis 
is a major problem to orthopaedists and physical therapists. If there is sufficient strength 
present to carry the leg either partially or completely through the last 15 degrees, the 
problem is not too great. However, if there is complete inability to extend through the last 
15 degrees, the problem calls for more strenuous measures. In these cases it would be im- 
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possible to redevelop vastus medialis power, if the only function of this muscle were exten- 
sion in the terminal 15 degrees; but the muscle also functions through a much.larger range 
of motion when the leg must overcome a very heavy load. This fact makes it possible to 
exercise the vastus medialis actively in the available range of extension, thereby building 
power that will eventually make it possible to completely extend the knee. Sufficient 
vastus medialis power to produce complete extension can be built by using heavy resist- 
ance through the available range of motion. On each repetition, when the patient has 
reached his maximum extension, he should be taught to expend an extra effort at this point 
to attain even more extension. 

At the beginning of the exercise and until the limbs are approximately equal in strength, 
only the affected extremity is exercised. Only one boot and a short bar are used, as shown 
in Figure 1. AVhen the limbs are approximately equal in strength, then they are exercised 
simultaneously, using two boots attached to a long bar as shown in Figure 2. It is advis- 
able for the patient to use two boots for a while to increase strength in the unaffected 
extremity, since this extremity becomes considerably weakened from disuse. AVhen both 
boots are used, the principles of exercise, poundage increase, repetitions, et cetera remain 
the same as when one boot is used. 

Apparatus 

Resistance is offered in the form of iron plates, graded from one and a quarter to 
twenty-five pounds each. These plates are attached to an iron boot by means of a short 
iron pipe which fits into the boot. This boot is made especially for leg exercises. The iron 
boots, plates, and bars are shown in Figure 3. 

The exercises are performed on a table which should be thirty-six inches high and at 
least fifty inches wide. The legs and top of the table should be of heavy material and re- 
inforced, since it will be subjected to considerable strain. The edge should be raised two to 
three inches so that, when the leg is completely extended, the entire limb will be parallel 
to the floor. The quadriceps-exercise table is shown in Figure 4. 

Repetitions and Weight 

Fifteen is the maximum number of repetitions ever performed in series, regardless of 
the amount of weight lifted. Ten or twelve is the number generally performed. The total 
number of repetitions for an average exercise period varies from seventy to 100, — that is, 
seven to ten series of exercises with ten repetitions in each. 

The Ten-Repetition Maximum (10 R.M.) 

The amount of weight lifted by the patient at any single extension during his first 
week of exercise is determined at the time of his initial workout, as follows : Starting with 
the weight of the boot (fiA'-e pounds), and increasing by small amounts (one and a quarter 
to five pounds) , the patient lifts each weight ten repetitions. That weight which requires 
maximum exertion to perform ten repetitions is thus determined. For the remainder of the 
week, no weight heavier than this ten-repetition maximum (10 R.M.) is used. Once each 
week the patient makes an attempt to increase this 10 R.M., and, when this amount is 
determined, no heavier weight is used during the ensuing week. For example, a patient 
in his first workout finds that the heaviest Aveight AAuth which he can perform ten repeti- 
tions is tAventy pounds. Thus, during his first AA-^eek, he uses nothing heavier than tAA^enty 
pounds. At the end of tlie first Aveek, the 10 R.M. is again detei’mined, and found to haA^e 
increased to thirty pounds. Then thirty is the maximum poundage used during his second 
week of e.vercise, et cetera. 

Since scA’cnty to 100 repetitions must be performed in each AA^orkout, and each pound- 
age is done ten repetitions, the AA'orkout must be begun AA-ith a Aveight considerably less 
than the 10 R.M., so that AA'hen the 10 R.M. has been reached, seventy to 100 repetitions 
Avill haA'e been j^erformed. The e.xamplc giA-en can be continued to illustrate this. The 
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10 R.M. for the first week was twenty pounds. Bj’- starting with two and a half pounds, 
plus the weight of the boot, and increasing one and a half pounds after each series of ten 
repetitions, eighty repetitions will have been performed when twenty pounds is reached. 

The One-Repetition Maxinnini (1 R.M.) 

As previously stated, once a week the patient exerts his maximum quadriceps power 
(maximum weight that can be lifted with one repetition, the knee going into complete 
extension). This one-repetition maximum (1 R.M.) is determined on the same daj’- as the 
10 R.jM., in the following manner: When the 10 R.M. has been determined, the increases 
in weight are continued. With each increase beyond the 10 R.M., fewer repetitions can be 
done until finally that weight which can be extended only for one repetition with maximum 
exertion is reached. This is recorded weekly as the index of quadriceps power. 

As strength returns to the muscle, the weight increases may be five to ten pounds, 
rather than one and a quarter to two and a half, thus keeping the total number of repeti- 
tions for a workout within the range of seventy to 100. 

Of course there are many patients who, because of severe quadriceps weakness, have 
an initial 10 R.AI. of less than five pounds. In these cases, the procedure is altered, and we 
use two or three series of ten repetitions each without any weight, add one and a quarter 
pounds, and give two or three series more. Then, by increases of one and a quarter pounds, 
his 10 R.M. is finally determined. (When the patient is unable to begin the exercises'with 
the weight of the boot, five pounds, the smaller weights are attached to the foot by means 
of a leather strap.) 

In those cases where there is incomplete extension due to muscle weakness, the pro- 
gi'ara is further altered. After the patient has performed ten repetitions with the maximum 
poundage which can be extended to the same degree as when no resistance is being applied, 
he then continues to increase the poundage at the sacrifice of extension. The poundage 
increase is continued until the knee can be extended onl}' a few degrees. Exercising in this 
way through the available range of motion is necessary where muscles are extremely 
atrophied, in order to build enough power eventually to effect complete extension. This is 
especially true when the vastus medialis is weak. 

Frequency and Length of Workout Periods 

The patient exercises once a day, five days a week, the workout period usually lasting 
one-half hour. He is encouraged to rest his leg as much as possible during the two days he 
does not report for the exercises. Since the exercise periods are short and come only once 
daily, the patient does not tire of the program, as is often the case when an exercise must 
be practised hourly or several times a day. 

Data Recorded 

The following measurements are recorded weekly : 

1. Range of motion, 

a. Extension, 

b. Flexion, 

2. Thigh circumference, 

3. Power, 

a. 1 R.M. (one-repetition maximum) , 

b. 10 R.M. (ten-repetition maximum) . 

The weekly determination of the 1 R.M. and the 10 R.M. is made on the same day. For 
convenience, we designate Friday as the da}'^ on which the quadriceps power is deter- 
mined. There should be a two-day rest following this day of maximum exertion, and this 
arrangement makes it unnecessary for the patient to exercise over the week-end. 

The thigh is measured once a week, at a constant level. Silver nitrate is used to mark 
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the level, to make sure that every measurement is taken in the same place. Daily obser- 
vations are made for development of fluid, swelling, pain, et cetera. 

The maximum quadriceps power is determined, and thigh measurements of the un- 
affected extremity are taken, when the exercise program is initiated. Maximum. results 
have been obtained when both extremities are equal in power, circumference, and range 
of motion. 

OBSERVATIONS 

Symptoms Developing as a Result of Exercises 

The only symptom that developed as a result of exercise was soreness of the quadri- 
ceps muscle. This soreness invariably disappeared within a week. In no instance has 
swelling or fluid appeared in the knee joint secondary to the strenuous exercises. 

Development of Power in the Existing Range of Motion 

Too often the main stress is placed on increasing motion in the atrophied, weakened 
limb with a limited range of motion, and very little or no thought is given to developing 
power. Nicoll states that “range without power is worse than useless, for in its extreme 
form we have a flail joint”.^ The return of power should accompany return of motion. It 
is more desirable to have normal power in the existing range of motion than to sacrifice 
development of power for a wider range of motion. The exercises we advocate are planned 
so that return of power accompanies return of motion. We believe that range of motion 
increases more rapidly with increasing muscle power, except when a mechanical factor 
prevents return of motion. 

Focal Exercises versus Group Exercises 

We are convinced from our observation of patients indulging in group exercises and 
games, as performed in reconditioning programs, that group exercises for focal muscle 
redevelopment are unsatisfactory because: 

1. The mental factor governing muscle exertion is such an important one in attain- 
ing maximum results that the patient must concentrate completely, and actually watch 
(whenever possible) the muscle being exercised throughout each repetition. Group par- 
ticipation offers too many factors to divert the patient’s attention. 

2. If a patient is unable to perform the movements as well as others in the group, he 
may feel his inadequacy to such an extent that he will attempt to cover up his weakness 
by adopting compensatory trick movements, thus accomplishing the feat with other mus- 
cles than the one which he is attempting to ledevelop. 

3. For the patient who must be prodded along, it is much easier for him to conceal 
his half-hearted efforts in group exercises. 

4. Since there are individual variations in strength, symptoms, and types of injuries, 
it seems illogical to give exercises to groups of patients with the same repetitions, motions, 
resistance, and tempo. 

Endurance versus Power 

We feel that in the past one of the shortcomings of the conventional type of physical 
therapy for redeveloping musculature has been a failure to discriminate between endurance- 
building and power-building exercises. By “power-building” exercises we mean exercises 
in which heavy resistance is used for a low number of repetitions. “Endurance-building” 
exercises are those in which low resistance is used for a large number of repetitions. These 
are two entirelj’’ different types, each one producing its own results, and each being wholly 
incapable of producing the results obtained by the other. We feel that most current at- 
tempts to redevelop musculature are based on exercises which are, in the final analysis, 
endurance-building and not power-building in nature. We feel it is wrong, for example, to 
put a patient with an extremity weakened by injury on such endurance-building exercises 
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as stairclimbing, walking, bicycling, and similar low-resistance exercises, until the extrem- 
ities are approximately equal in strength. 

A muscle exercised solely on power-building exercises will not have the quality of 
endurance, whereas a muscle subjected exclusively to endurance-building exercises will not 
have the quality of power. However, a powerful muscle can be given endurance-building 
exercises, and attain the quality of endurance; likewise a muscle with great endurance can 
attain power through the power-building exercises. How illogical it would be for a track 
man to train for long-distance running events solel}' b}" doing knee bends with heary 
weights on his shoulder, or a professional weight-lifter to train for heaxy lifts solely by 
running several miles a day ! 

It seems more logical to restore the weakened extremities to normal strength by 
power-building exercises and then to exercise for endurance. Endurance is a quality of 
normal muscle, and therefore should not be sought after until the muscle has returned to 
normal. We believe it unlikely that endurance can be attained in a markedly atrophied 
muscle, for we have seen many patients who had been on low-resistance, high-repetition 
exercises for months, and still complained of rapid tiring of the muscle. 


nysiological Aspects oj the Heavy -Resistance Exercises 

It is not the purpose of this paper to discuss neuromuscular or muscle physiology. 
II e are presenting only the clinical observations made on 300 cases in which these exercises 
have been emplo 3 ’'ed. The splendid response in muscle hypertrophj’^ and power, together 
mth symptomatic relief, seems to vindicate anj"- possible violation of phj'siological prin- 
ciples. Competent phj'siologists who have observed these patients and our method of 
exercise feel fairlj^ certain that the fatigue produced is at the neuromuscular junction, and 
not of the muscle fiber itself. . 

The question arises as to whether it is advisable to induce maximum loads on weak- 
ened and atrophied muscle fibers. We firmly believe, on the basis of our clinical observa- 
tions, that ex^en atrophied musculature must be submitted inter mitten tly to maximum 
loads, in order to obtain maximum hj’^pertrophy. We have treated several cases of frac- 
tured femur which had been immobilized from six to fourteen months. The thigh muscles 


were x-ery hard on palpation, suggesting fibrosis, and lacked poxx^er. These responded in 
four to fix^e weeks, shoxxdng an increase in thigh circumference of one to txx'o inches and a 
remarkable increase in power. They were under maximum loads at regular intervals from 
the very beginning. It was interesting to observe how quickly these muscles softened and 
assumed the consistency of normal muscle. This obserx'ation throws an interesting light 
on hypertrophy and return of power in fibrotic muscle. 

IVe believe that, in order to produce in muscle maximum h^’^pertroph^'^, the heaxdest 
load should be imposed upon the muscle as it approaches complete contraction, and not 
rx’hen the muscle is stretched. It is an accepted physiological principle that the greater 
the initial stretch or tension on a muscle (length) , the greater the contractile poxx’er of the 
muscle. Therefore, when the maximum load is imposed on a stretched muscle, its fibers 
hax'e the initial adxmntage rendered by the stretched state, and fexx'er fibers can oxmrcome 
the resistance than if the muscle were not stretched. When the muscle fiber is contracted, 
k does not haxm this adxmntage. In order to ox^ercome the resistance, a greater number of 
fibers are called upon; more fibers are exercised and thus stimulated to hj^pertrophy. Also, 
y increasing the load as the muscle reaches the contracted state, a higher degree of ..coor- 
dination of the contracting muscle fibers is obtained, increasing the contractile poxx-er of 
the muscle as a xx-hole. Most of the poxx’er-building exercises here described are so arranged 
^t resistance increases as the muscle contracts. 


The use of a pulley sjmtem for quadriceps redex-elopment has the disadvantage that 
•e maximum resistance comes when the muscle is stretched. The pullej' sj'stem as con- 
trasted xvith our method is demonstrated in Figures o-A, 5-B, 5-C, and o-D. Il'e do not 
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7i LBS. 



Fig. 5-A 



Fig. 5-B 


The pulley system with knee flexed in starting position is .sliown in Fig. 5-A. There is 25 
pounds of resistance on tlie pullei' sj'stem, applied to the leg through the rope shown attached 
to the foot. The long axis of the leg in the starting position is per])endicular to the rope. At 
this point the resistance consists of the full 25 pounds. However, as the leg extends, the rope 
comes to lie at a more acute angle to the shaft of the leg, and the amount of re.<istance to be 
overcome decreases; so that, when the leg is full 3 ' extended (Fig. 5-B), the resistance to bo 
overcome has decreased to onl.v IVi pounds. In full extension, 23')4 pounds of the initial 25 
pounds of resistance are lost as a compression force in the direction indicated bj’ the arrow, 
leaving as a resultant of forces, onl.v IVa pounds of resistance to be {Continued on page G53) 
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Fig 5-C 


It! 


O LBS. 


25 LBS. 


Fig 5-D 

iCot^linued) overcome by the quadriceps Thus we see that the jiullev s^•^tem is one of de- 
creasing lesistance as the leg goes into extension Therefore, uhen that part of extension con- 
trolled chiefly bj the rastus medialis is reached, the resistance has greatly decrca'cd; thus 
this muscle is neglected m the strenuous phase of the exercise 
When the resistance is added directly to the foot, the re\ erse of the aboi e -ituation exi=ts 
In the staiting position (Fig 5-C), the resistance is practically ml, but as the leg extends, the 
tKistance rapidly increases and is maximum (25 pounds) uhen the leg is completely extended 
(Fig 5-D). There is no compression force as is prc'ent in the pulley sxstem The lastu- me<ii- 
ahs rocen es the chief benefit from this exercise 
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mean to imply that pulleys are of no value in giving heavy -resistance exercises; on thi 
contrary, they often afford the only means of exercising a certain muscle group. However 
for redevelopment of sueh an important group as the quadriceps, it is felt that the pulle] 
S5’'stem is inadequate. 

Maintenance of Hypertrophy and Power 

The progress of several patients has been followed for ten months after terminatini 
this program of intensive exercise. Measurement at this time revealed no appreciable losi 
of muscle size or power, and there was no return of the symptoms previously noted, — sucl 
as giving way of the knee or weakness of the extremity. The patient can best maintaii 
the power gained by exercising once or twice a week for fifteen to thirty minutes at a time 
it is comparatively easy to maintain the power, once it has been attained. 

Types of Cases in which Exercises are Used 

1. ■ Unstable knees resulting from tears of the cruciate and collateral ligaments. 

2. Knees following removal of the menisci — lateral, medial, or both. The progran 
has been used vigorously following total synovectomy of the knee, with good results. 

■ 3. Fractured femora. 

.4. Fractures of the patella. 

5. Recurrent dislocation of the patella. 

6. -Fractures of tibia and fibula where prolonged immobilization has brought aboui 
quadriceps atrophy, as well as atrophy in other muscles of the extremity, and limitec 
motion in the knee joint. 

7. Knees following chondrectomy for chondromalacia of the patella. 

8. Muscle weakness and limitation of joint motion, due to severe soft-tissue wounds 
and scarring. 

9'. Removal of foreign bodies from the knee joint. 

10. Knees after patellectomy. 

The best results have been obtained in cases of unstable knees, meniscectomies, and 
fi'actured femora. We believe the exercises are contra-indicated in cases of chondromala- 
cia, in which the disease is accompanied bj'’ pain, swelling, and fluid, and where open 
operation has not been performed. 

DISCUSSION OF CASES 

Knee Instabilities 

The most dramatic results have been obtained in cases of instability of the knee, of 
which twelve have been subjected to these exercises. In each the ligamentous injuries 
were old, and had not responded satisfactorily to previous treatment. Three are presented 
in detail, and serve to illustrate the progress made in most cases. The ifistabilities varied 
in nature: nine with injuries to the anterior cruciate and tibial collateral ligaments; one 
with injury to the tibial collateral ligament, with marked relaxation; one with injury of 
the anterior and posterior cruciate and tibial collateral ligaments; and one with injury of 
the anterior and posterior cruciate and fibular collateral ligaments. 

The type of injury did not seem to influence the results, inasmuch as rapid gains and 
alleviation of symptoms occurred in the extremely loose joints as in the less unstable joints. 
Four of the twelve were wearing Jones knee cages when they began the exercises. Two 
patients discarded the braces after fourteen days, one after twenty-one days, and another 
after twenty-three days. In other words, the average time from beginning the exercises 
to the time when the patients had enough quadriceps power to safely begin ambulation 
without the brace was eighteen days. Eight of the twelve were able, after from four to six 
weeks, to run and play ball, without their braces and without “buckling” of the knee. 
Nine of the twelve had varying degrees of fluid and swelling when exereises were started; 
in eight of the nine these symptoms disappeared in one to three weeks. In one patient a 

THE JOURNAL OF BONE AND JOINT SURGERY 



RESTORATION OF MUSCLE FOW-ER 655 

slight amount of swelling persisted. Ten of the patients had pain on exercising and weight- 
- bearing initially; seven lost the pain; three did not. 

In all cases, after maximum benefit had been derived from the exercises, the instability 
persisted unchanged when the quadriceps muscle was relaxed. However, when the quad- 
riceps muscle was contracted, it was impossible to demonstrate any looseness about the 
joint. A powerful quadriceps renders the knee stable only when it is contracted; but, 
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when contracted, offers sufficient stability for ordinary activities and, as demonstrated b 
some of our cases, even for rather strenuous sports. It is tlie purpose of the exercises t( 
build the quadriceps muscle to become powerful enough to maintain the stability of tin 
knee, without the full help of the ligaments. \ Normal quadriceps power is not sufficient fo; 
this, so greater-than-normal power must be built in the involved extremity. This explain: 
why we use such extremely heavy resistance in cases of knee instability. In fractured femora 
meniscectomy cases, et cetera, where the knee is stable, the purpose is to restore norma 
power to the injured leg; therefore, redevelopment is not pushed to such an extreme degree 
'■ In none of the twelve cases were there any ill effects from the strenuous program o 
exercise. 

The splendid response of these patients to exercise alone suggests that in certain type; 
of old ligamentous injuries, surgery may not offer more. 

An officer sustained an injuiy of tlie tibia! collateral ligament, following which he was immobilizei 
in a cylindrical plaster cast for seven weeks. After removal of the cast, he received ply^sical therapy fo 
seven weeks before the heavy-resistance exercises were begun. At the time the exercises were begun, h( 
had a marked limp, walked with a cane, complained of pain about the knee, and the knee was slightlj 
swollen. In twenty-one da 3 'S his knee was completelj' as 3 'mptomatic ; he had equal power in both quad 
riceps muscles; and had gained three-quarters of an inch in circumference of the thigh. His maximun 
quadriceps power increased from ten to eighty pounds. This patient returned to limited dut 3 ' with tin 
infantiy, with automatic revision to full duty. ' 

A soldier sustained a complete dislocation of the knee when he fell from a four-foot platform. Twi 
weeks after injuiy, a meniscectomy was performed, and the patient returned to dut}', but was unable t( 
continue because of pain on weight-bearing. Five months after the initial injur 3 ', another arthrotom: 
was done, a partial tear of the anterior cruciate ligament being sutured and a fascial flap placed at tin 
site of the tibial collateral ligament. Instabilit 3 ' persisted, and, eleven months after the initial injur}', i 
third operation was done, at which time a fascial reconstruction of the tibial collateral and anterio 
cruciate ligaments was undertaken. Again the instabilit}' persisted, and the patient was fitted with i 
Jones knee cage. Three and one-half months after the last operation, the patient undertook the heavy 
resistance exercises. At this time there was atrophy of the thigh of two and one-half inches, flexion o 
58 degrees, maximum power of two and one-half pounds, and moderate swelling of the knee joint. Ii 
fifty-two da 3 's of exercise, the patient made the following gains: a power increase of sixty-two and i 
quarter pounds in the quadriceps, an increase of two inches in circumference, and a gain of 42 degree: 
in range of motion. B}' the end of the third week of exercise, he had discarded the knee cage. Pain anc 
swelling rapidi}' disappeared. The patient was discharged from the Army because of his knee injury 
took a job as a truck driver, and his knee has remained as 3 'mptomatic. 

Another soldier sustained injur}' to the tibial collateral and anterior cruciate ligaments whi'le' skiing 
Figure 6 shows the increase in the medial joint space due to injur}' of the tibial collateral ligament 
Figure 7 shows the positive drawer sign for tear of the anterior cruciate ligament. Following the injury 
the patient had pain, thickening, and fluid in the knee. For four and one-half months he had conven 
tional physical therap}', without improvement. After this period, a Jones knee cage was worn. Even witl 
the brace, and while walking on level surfaces, he frequently would fall, because of the instability anc 
muscle weakness. After using the knee cage for sec'en weeks, he undertook the program of heavy 
resistance exercises. Two weeks later, his quadriceps power had increased to such an extent that he fel 
secure enough to give up his knee cage. The S}'mptoms of pain, fluid, and thickening had completel} 
subsided by this time. After one month of the e.xercises, the patient had gained one and one-half inche: 
in circumference of the quadriceps, with increased power in that muscle of from twenty to eighty pounds 
and he could sprint o\’er uneven terrain at full speed without difficulty. 

Meniscectomy Cases 

These patients were given quadriceps-setting exercises for several days preoperatively; 
and the exercises were resumed as soon after operation as possible, usually in twenty-foiu 
to forty-eight hours. Quadriceps setting was continued until the synovitis had largely 
subsided, and tlie discomfort from weiglit-bearing was minimal; this required three to 
foul' weeks. They were then started on the heavy-resistance exercises, and, with maximum 
exertion on these exercises, the synovitis continued to disappear. 

Twenty patients have exercised postoperatively by the heavy-resistance method. 
Seventeen of the twenty had definite synovitis of the knee joint at the time exercise was 
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begun, and in only two of them did the degree of synovitis fail to decrease. In no instance 
vas there exacerbation of synovitis due to the strenuous exercise. No patient was allowed 
to participate in weight-bearing exercises until the quadriceps power had been restored in 
the limb operated upon. 

The average time required to restore normal power to the affected extremity was nine- 
teen days. Only two of the twentj- patients failed to regain normal quadriceps power, and 
these two developed their quadriceps ]iower to within 80 per cent, of normal. Restoration 
of normal power and thigh circumference can be expected to occur at a much more rapid 
rate following meniscectomy than in cases of fractured femur, fractured patella, liga- 
mentous injuries, et cetera, where the period of immobilization is usually more prolonged. 
It must-be stressed that, following meniscectomy, the quadriceps-setting exercises given 
postoperatively are as important as the heavj'-resistance exercises in obtaining good end 
results. 

Restoration of a normal range of motion offered no problem in any of the twenty 
cases. All patients had normal knee-joint motion on completion of the exercise program. 
A few had difficulty in obtaining the last 15 or 20 degrees of flexion. These, however, 
responded rapidly to treatment on the leg-exercising apparatus (Fig. 8) . 

WEIGHT-BE.ARING AND NON-WEIGHT-BEARING QUADRICEPS EXERCISES 

At this point it is appropriate to discuss briefly these two types of exercises. As far as 
increasing muscle power is concerned, both types have equal possibilities. They differ, 
however, in the symptoms they produce in knee joints controlled by weak, atrophied 
muscles. 

We believe that the development of pain, thickening, and fluid on weight-bearing 
exercises in many of the cases of meniscectomy and unstable knees is due largely to the 
increased laxity in the joint, resulting from quadriceps weakness and atrophy. We have 
seen many of these patients with marked synovitis in the knee joint, in whom complete 
alleviation of knee symptoms occurred, when quadriceps power was restored to normal 
by non-weight-bearing, hea^^'-resistance exercises. The instability results in repeated 
strains which produce a traumatic synoxdtis^ with fluid, thickening, and pain. 

Of the twenty patients who had meniscectomies, seventeen had fluid, swelling, or 
both, of varjdng degree, when they began these exercises three or four weeks after the 
operation. On the exercise regimen outlined here, fifteen of the seventeen showed improve- 
ment. Of these fifteen patients, eight became completely asymptomatic, both subjectively 
and objectively; six retained only an insignificant amount of synovial thickening; and 
one finished the exercise program with a small amount of fluid still present in the joint. 
This patient had had a meniscus removed from the same knee prior to Arni}’^ service, 
following which there developed a chronic synovitis, with marked thickening and indura- 
tion of the synovia. Before the exercise program was instituted in meniscectomy cases, 
exercise in the gjnnnasium w'as started three or four weeks postoperativeljq in an attempt 
to redevelop quadriceps power in these patients by the conventional methods, — such as 
sfairclimbing and bicycling. On this routine, the hitherto smooth postoperative course of 
rapidly subsiding sjmovitis was not only interrupted, but in many^ cases there was a marked 
exacerbation of synovitis, which usually' subsided as soon as the patient was taken off the 
ii'cight-bearing exercises. It was then found that, when these same patients were given 
only' non-weight-bearing exercises, sy'novitis did not recur, and the symovitis, which had 
previously' developed, subsided during the course of exercise. It must be assumed that 
there is_soine factor in the weight-bearing exercises that produces sy'novitis, and that this 
factor does not exist in the non-weight-bearing exercises. These findings can be explained 
on the basis of relative knee instability'. The quadriceps muscle is as important in main- 
taining knee stability as are the cruciate and collateral ligaments; and, when this muscle 
Eioup is atrophied and weak, the maintenance of stability rests almost entirely on the 
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ligaments. The ligaments alone cannot maintain as high a degree of stability as when 
aided by the quadriceps musele. When, as in cases of meniscectomy, quadriceps power is 
low, there is abnormal motion in the knee joint. It is this abnormal motion that is 
indirectly responsible for the development of synovitis in weight-bearing exercises. The 
twisting, turning, and jarring of the weight-bearing exercises in a relaxed joint probably 
traumatizes the synovia by nipping and stretching, causing a synovitis; whereas, if the 
exercises were performed sitting down, the motion in the joint would be in a normal plane, 
and the knee would not be under the strain of the body weight. Thus instability is pre- 
cluded as a source of synovial irritation during convalescence. 

Fractured Femora 

Charts I and II show the gains made by two patients with fracture of the femur, after 
they had been discharged from general physical therapy. These two represent the average 
response in twenty cases of fracture of the femm*. The gain in circumference for those 
patients who had obtained flexion of the knee to approximate!}’- 90 degrees ranged from 
one to two .inches in the first four weeks of exercise. When flexion was less than a right 
angle, the gains were not so rapid, since the quadriceps could not be as thoroughly exer- 
cised through this limited range. A few patients who worked exceptionally hard increased 
their thigh measurements by two to two and a half inches in from six to eight weeks. 

Frequently, after immobilization, the muscles of the thigh, especially the quadriceps 
group, are hard in consistency, due to fibrotic changes, which have occurred during the 
period of inacthuty. Immediately after these strenuous exercises have been begun, these 
same muscles begin to soften, and in a few weeks have regained their normal consistency. 
This rapid softening of hard fibrotic muscles has been one of the most interesting aspects 
of this program, and has further substantiated our belief that weakened, fibrotic, atrophic 
muscles should not be “pampered” because of their subnormal condition, but should be 
exercised against heavy resistance. In the case of one patient who was immobilized for 
fourteen months, the thigh muscles of the injured leg showed atrophy of two inches, and 
had the consistency of hard rubber. After two months of exercise, the thigh had increased 
one and one-half inches in circumference, and the consistency was that of normal muscle. 

Restoration 0 / Motion 

Attaining a normal range of knee-joint motion, following immobilization incident to 
a fractirre of the femur, is often a difficult and perplexing problem. After prolonged im- 
mobilization, especially in fracture of the lower third (more especially those involving 
the femoral condyles) , there is often a marked limitation of flexion. When some of these 
patients first begin physical therapy (consisting of heat, massage, and exercises with mild 
forcing) they often rapidly regain flexion of about 30 to 50 degrees, and then during weeks 
and months of a similar routine make no further progress. For these cases a leg-exercising 
apparatus (Fig. 8) has been constructed. 

F^g-Exercising Apparatus 

This machine was designed to allow the patient to exercise the leg against resistance 
m a position most conducive to the bending of the leg by such resistance. Because the 
patient himself is in complete control at all times of the amount of resistance, and can 
remove and apply resistance as pain and fatigue dictate, he will allow the leg to flex more 
than if a physical therapist were applying the same amount of resistance by hand. The pa- 
tient cannot control the pressure or movements of the operator, and will not relax the 
antagonistic muscles sufficiently to permit the knee to bend to a point of discomfort. How- 
ever, if he himself can apply the resistance, he wall allow the knee to bend to the point of 
pain, without complaint. In order to attain flexion in stubborn cases, it is necessarj^ to 
exercise to the point of discomfort, even pain. 

The apparatus is used in the following manner; The exercise begins with knees com- 
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pletely extended (Fig. 9) . The pins labeled A are removed, thus freeing the weight, which 
is then slowly lowered, as the knee is allowed to flex. The downward direction is con- 
tinued as far as pain or tightness in the joint will permit. The knee is then completely 

extended; there is a momentary pause, and 
it is lowered again. Tlie cycle is repeated 
ten to twenty times. The pins arc replaced, 
the ])aticnt rests for a minute or so, and the 
cycle of ten to twenty repetitions is re- 
peated two or three times. 

Twenty patients with fracture of the 
femur have been given these exercises on 
this a])paratus. All twenty had been dis- 
charged from general physical therapy as 
having attained maximum flexion. By the 
use of this apparatus, tlie average gain in 
flexion was 25 degrees jn thirty-tAVo clays 
However, these figures include eight pa- 
tients who had fractures about the femoral 
condyles or who had had prolonged immo- 
bilization because of slow union or refrac- 
ture. They showed an average gain of 21 
degrees in forty-tu'o da5^s. Twelve patients 
with uncomplicated fracture of the middle 
and upper thirds showed an average gain 
of 27 degrees in twenty-one days, a con- 
siderably more rapid rate of gain than tha 
of the group first mentioned. Two of tin 



Fig 8 

Leg-exeicismg appaiatus. 



Fig. 9 


,eK-o\ercising apparatus being used to ic- 
QfleMon. The pms (A) fit into lie ineta 
des at different levels, to limit downwaid 
tion of the eential plate. 



Fig. 10 


Lcg-o\erci<ing appaiatus, showing use of the 
pulley sj'stcm (A) to inciea«e knoe-joint exten- 
sion. 
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twenty patients were treated Ijj' manipulation under anaesthesia in an attempt to increase 
knee-joint motion; one gained 6 degrees as a result of manipulation; in the other, no in- 
crease in flexion could he attained. Both were then placed on this apparatus; the former 
gained 33 degrees more flexion, the latter 20 degrees. It must be emphasized that the 
gains in flexion recorded in all twenty cases were made after these patients had received 
the customary physical therapy for weeks, sometimes months, and had been discharged 
because no further progress could be made. Constant bending in the form of active heax^- 
resistance exercises will often produce more flexion than can be accomplished by a single 
or repeated manipulation. In a few cases, this strenuous flexion of the knee has produced 
slight swelling of the joint, but in no case has there been effusion. The swelling and sore- 
ness which sometimes develop usually subside b}*^ the next exercise period. 

This apparatus can also be used as a muscle developer with increasing amounts of 
resistance, after the patient has obtained a good range of motion. When the machine is 
used for muscle developing alone, the same principle of exercise and method of increasing 
resistance are used as for the quadriceps exercises. When used for increasing flexion, the 
amount of weight that can be pushed back into complete extension ten to twenty times 
with moderate effort is employed. 

Three patients who had flexion contractures of the knee rapidly regained complete 
extension by working on this apparatus. The pulley system (Fig. 10, A) brings pressure 
to bear immediately above the patella by means of the leather cuff. The pressure is directed 
towards extension. On each repetition, as the knee reaches its maximum e.xtension, the 
cuff aids the thigh extensors in effecting further extension. Strenuous quadriceps exercises 
'vero also given in these cases. 

If the injury was a simple fracture of the patella, or if the lower pole of the patella 
had been removed, the return of motion, strength, and size was usually rapid. However, 
if the patella was highly comminuted, or if there developed chondromalacia following 
fracture, the high-resistance exercises usuallj- caused much pain, and occasionally fluid 
and swelling, and had to be abandoned. 

After the immobilization period following dislocation of the patella, these exercises 
^ere begun and a rapid return to normal was noted. By building an exceptional!}’’ power- 
ful vastus medialis, it might be possible to prevent redislocation of the patella, when the 
dislocation was due chiefly to weakness of that muscle. 

Two patients had chondrectomies for chondromalacia of the patella ; following opera- 
tion, both patients had moderate synovitis of the knee. In each, the synovitis subsided, 
snd smoothing of the patellofemoral articulation occurred as a result of these exercises. 

There were many patients with soft-tissue wounds about the knee and thigh. In these, 
loss of flexion or extension, due to muscular weakness, scarring, or both, 'n^as the usual prob- 
lem. In many cases, where the loss of active motion was a result of muscular weakness, 
due to loss of muscle substance, the remaining muscle tissue could be overdeveloped suffi- 
ciently to compensate for the lost tissue, thereby restoring almost normal strength to the 
extremity. 

Many patients had a limited range of motion because of scarring about the knee joint. 
Fnless bound hopelessly to bone or other deep structm-e, these scars in most instances 
underwent remarkable softening, allowing for normal joint motion. The constant fle.xing 
in the leg-exercising apparatus (Fig. 8) ivas sufficient in many cases to restore flexion to 
normal. The quadriceps exercise usually rapidly restored enough quadriceps power to 
make possible complete extension. 

Eesults following removal of foreign bodies from the knee were similar to those in the 
meniscectomy patients, unless there had been considerable joint damage. 

In order to gain full extension following patellectomy, it is essential to have a power- 
ful quadriceps. We have used this program of heaiy -resistance exercises in only two of 
these cases. The patients rapidly obtained complete extension, without development of 
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Fig. 11 Fig. 12 


Adductor e.xercise. Abductor exercise. 

synovitis; and quadriceps power was restored to Avithin 90 per cent, of that in the un- 
aifected extremity. 

When quadriceps power has increased sufficiently to permit weight-bearing exercises, 
the patient is given heavy-resistance exercises for the other muscles of the extremity. 

DEVELOPMENT OP OTHER MUSCLES OF BODY BY SAME EXERCISE PRINCIPLE 
The following are some of the other exercises we have used in redeveloping other 
muscles of the body by the same principle. The type of apparatus, however, varies consid- 



Fig. 13 

Stairclimbing e.xercise. 
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■ ^ 1- Fig. 16 

Fig. lo 

Pectoral exercise. Arms may be kept straight P 

or slightb' bent at the elbow. 

crably, and is designed specifically to obtain the desired results. The 

of weight increase, frequency and length of workout are exactly the same as described for 

the quadriceps exercises. 

I. Lower Extremity 

A. Adductor Exercise. This exercise is shown in Figure 11. 

B. Abductor Exercise. See Figure 12. • j v, i j 

C. Hamstring Exercise. This is an exdremely important exercise, and should 

be diligently performed, especially by patients attempting to regain flexion in stiff toees. 

D. Stairclimbing Exercise. This exercise is not used to develop the quadriceps , 

it is not used at all, until the patient has built nearly full quadriceps power by the use of 
previously described quadriceps exercise. Re- ill — 

sistance is added to a metal yoke, and the r | “ 

patient goes over and back fix’^e times with one W Kl , -^ =4 | ij 

weight, rests a minute or so, adds more weight, « '| 

and then repeats. By use of the yoke, the -i==S 

hands are free to grasp the rail (Fig. 13) . This Wf| I ‘I 

exercise was thought necessarj’’ because, ex'en b 

though a patient may have good quadriceps '| 

power, he may still have some diEBculty in ^ f I ^ 

stairclimbing, if all the other muscles involved c J 

are not proportionately dex^eloped. The ex- 

ercise develops, in the low-repetition, high- 1 ^ '■^=- 

resistance manner, all of the muscles invoh'ed \ 
in stairclimbing. \ 

E. Calf Exercise. The resistance ’ f 

in this exercise is applied by adding weight to ^ \ 

the ymke. The use of the yoke permits the | I 

hands to remain free, and the patient can J_ 

use his hands to steady himself, and maintain I ' 

balance by grasping a bar in front of him. As | 

strength increases, more weight can be added; Fi^lT 

and, as ankle-joint motion increases, the Shoulder-pulley exercise 

Wooden block can be made higher. 
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Shoulder-pulley exercise 
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F. Article Exercise. The 
apparatus sliown in Figure 14 was 
devised to exercise the ankle in botli 
dorsiflexion and plantar flexion, in 
eversion and inversion. Resistance 
may be added to the hook at A, B, 
C, or D. The apparatus is also used 
to help restore ankle-joint motion. 

II. Arm and Shoulder 

A. Pectoral Exercise. A- 
mazing hypertrophy of the pectoral 
muscles can be attained in two or 
tlu’ec weeks through the practice of 
this exercise (Fig. 15). Two patients, 
who sustained machine-gun-bullet 
wounds through the axilla with resultant damage to the pcctoralis major and limitation 
of abduction because of scar tissue, were able to loosen the scar sufficiently to obtain a com- 
plete range of shoulder motion by use of this exercise. In both cases, after a month of 
exercise, the patients had increased the size of the atro])hicd pectoralis so that it was 
larger than the corresponding uninjured muscle. 

B. Deltoid Exercise. This is well known. 

C. Biceps Exercise. This is an important exercise, as there exists usually an 
inch or so of atrophy of the arm following immobilization for fracture of the humerus. It 
is important, not only because it redevelops biceps power, but also because of its value in 
increasing elbow-joint motion. We believe that exercising for biceps power will do more 
to restore elbow-joint motion than all efforts to increase motion of that joint while neglect- 
ing biceps power. In this we must except instances where there is a mechanical block or 
where severe irreparable capsular and pcricapsular changes have occurred. On each 



Fig. is 


ParaJJei bars. Resistance is added to tlie weiglit pan (A), 
strapped to the patient’s back. The bars can bo slid fnr- 
,ther apart as power and motion increase. 



Fig. 19 


Exeicise for external rotators of the arm. The 
pronator and supinator muscles of the forearm are 
exercised on the attachment labeled A, to which 
resistance is applied on the lyeight pan B. Re- 
sistance for the shoulder exercise is applied to the 
weight pan C. 
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repetition the patient should make 
everj- effort to obtain as much flexion 
and extension as possible. Triceps ex- 
ercises should also be used in coniunc- 
tion with the biceps exercise. 

D. Supine Press. See Fig- 
uie 16 for illustration of the exercise. 
This is extrcmelj' good for loosening 
up the elbow and shoulder joint. 

E. Pulley Exercise. Re- 
storing normal scapulohumeral motion 
following a fracture of the humerus is 
often difficult. AVe have obtained, in 
most instances, good results through 
use of this pulley exercise, combined 
iiith the pectoral, biceps, and deltoid 
exercises. It is essential that the pulley 
be an extremely high one, so that the 
arm can go into complete abduction 
(Fig 17) . On each repetition the arm 
should be allowed to abduct as far as 
comfort will permit the weights to pull 
it; then the arm is brought back to the 
side, there is a momentary pause, and 
the exercise is repeated. This is done 
ten times, more weight is added, and it 
is repeated another ten times, et cetera. 
An effort should be made to abduct the 
arm a fraction further on each repeti- 
tion. This exercise has produced good 
results, where scapular motion is lim- 
ited because of fractures of the scapula 
and large soft-tissue defects. The con- 
stant forcing, in the form of active, 
hea\y-resistance exercises, steadily in- 
creases the motion of the joint. 





Fig 21 


Hyperextension exercise being perfoimed on special 
back exeiciser. Resistance is increased by adding weights 
to the weight pan A. The bod5’ lest B is adjustable on 
back C to accommodate an individual of any height. 
The feet are securely immobilized in tw-o iron boots D 
attached to the fiame. 



Fig. 22 

Abdominal exercise. 


F. Parallel Bars. This is a good exercise for the shoulder and arm (Fig. 18) . 
Resistance is added to the weight pan strapped to the back. The width of the bars can also 
be varied. 


G. Arm-Exercising Table. This table is designed to exercise the pronators and 
supinators of the forearm, and the external (Fig. 19) and internal (Fig. 20) rotators of the 
slioulder. 


III. Trunk 

A. Back Exercise. Hyperextension exercises are done on the apparatus shown 
m Figure 21. This apparatus offers sex'eral improvements over the method in general use. 
The weight pan attached to the back makes possible increases in accurately graded resist- 
ance. This cannot be accomplished, as was attempted in the old method, by progressively 
extending the patient farther ox'er the table edge. Our method does not require an opera- 
tor to hold the patient’s feet. The position of the patient is more stable and comfortable; 
®ud, since he is not quite parallel to the floor, it is much easier for him to hyperextend 
niore completely. 

B. Abdominal Exercise. By maintaining the knees and hips fle.xed (Fig. 22), 

'Ot- XXIII, xo. 4, OCTOBER 1945 


666 


T. h. DELORME 


more of the load falls on the abdominal muscles and less on the iliopsoas muscle. This 
makes possible development of the abdominal muscles without concurrent development of 
the iliopsoas. Since the lumbar spine is flexed by the abdominal muscles and extended by 
the iliopsoas, the selective redevelopment of the abdominals brings about stronger pelvic 
control, which is of great value in the treatment of certain back ailments.' Many patients 
who have received injuries to the anterior abdominal wall, with resultant loss of muscle 
tone and tissue, have exercised on this apparatus with considerable improvement. Graded 
resistance increases are made by increasing the incline of the board. 

Only a few of the exercises actually used have been mentioned. With the equipment 
illustrated, several hundred different exercises can be worked out. We have shown only a 
few of those most frequently used, but, in order to conduct exercise programs properly, 
both for range of motion and muscle power, in a great variety of injuries, a therapeutic 
gymnasium must be equipped with the apparatus described. 

THE THERAPEUTIC GYMNASIUM 

' The therapeutic gymnasium should not be a- place of amusement or for keeping fit. 
It should be a place in which a treatment, prescribed after thorough examination by the 
medical officer, can be properly given. The gymnasium should be supervised by the medical 
officer, but it is not necessary that he actually attend the exercises. The gymnasium should 
be planned and constructed as specifically for its purpose as is the operating room for its 
purpose. All pieces of exercise apparatus should be designed to produce a desired result 
in a specific type of case. Accurate notes on the progress of each patient should be made 
at regular intervals. The patient should work by appointment, and his attendance should 
be recorded. The appearance of the gymnasium and the working condition of the equip- 
ment are very important, for the patient will maintain much more interest in his exercise 
if the gymnasium is bright, colorful, well ventilated, and well kept. Equipment in poor 
condition is not only dangerous, but it also disheartens the patient, and makes it difiicult 
for him to perform his exercises. 

It is a good policy to work out several different ways of doing the same exercise. This 
will prevent the patient’s losing interest from monotony. The greater the variety of ex- 
ercises, the greater the patient’s interest. 

It has been our experience that greater cooperation is achieved, when the patient 
understands the nature of his injury. Anatomical charts are kept, and are exhibited on 
the walls, to give him a clear conception of his disability and its location. He also can see 
what muscles have to be redeveloped or what joints must be loosened up, before he caii 
attain maximum benefits. A chart with the normal ranges of motion for all the joints of 
the body should be displayed, and the patient should be taught the normal range of the 
joint upon which he is working. He should become familiar with the measurements of his 
affected part, the power of that part, and the exact number of degrees of motion present; 
then, each week, when new measurements are taken, he will know in inches, degrees, and 
pounds the gains he has made. This will do much toward maintaining the patient’s 
interest. 

The instructor should be efficient, thoroughly familiar with each patient’s disability, 
know what he is trying to accomplish in that patient and, above all, display interest in the 
work. A patient cannot be expected to show any more enthusiasm than the one who super- 
vises his exercise. 

CONCLUSIONS 

1. Low-repetition, high-resistance exercises produce power. 

2. High-repetition, low-resistance exercises produce endurance. 

3. Each of these two types of exercise is incapable of producing results obtained by 
the other. 

4. Weakened, atrophied muscles should not be subjected to endurance-building exer- 
cises, until the muscle power has been restored to normal by power-building exercises. 
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5. Restoration of muscle power with return of motion in a limb has been neglected 
in the past. It is, in most instances, preferable to have a limited range of motion with good 
power than a normal range of motion with inadequate power. 

6. Games and group exercises, as practised in reconditioning programs, are unsatis- 
factorj' for producing focal muscle development. 

7. In order to obtain rapid hypertrophy in weakened, atrophied muscle, the muscle 
should be subjected to strenuous exercise and, at regular intervals, to the point of maximum 
exertion. 

8. In cases of meniscectomies and unstable knees, quadriceps power should be ob- 
tained by the use of strenuous, non-weight-bearing exercises. Weight-bearing exercises 
can produce pain, thickening, and fluid in knees, which do not have adequate muscle 
support. 
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POLYMORPHOUS-CELL SARCOMA, THE MALIGNANT PHASE OP GIANT- 
FOLLICLE LYMPHOMA, WITH. GENERALIZED SKELETAL INVOLVE- 
MENT AND MULTIPLE PATHOLOGICAL FRACTURES - 

Report of a Case 

BY WILLIAM E. KENNEY, M.D., NEW HAVEN, CONNECTICUT 

From the Section oj Orthopaedics, Department oj Surgery, 

Yale University School of Medicine, and the New Haven Hospital, New Haven. 

INTRODUCTION 

In 1925 Brill, Baehr, and Rosenthal described a disease entity which was character- 
ized by spienoniegaiy and generalized lymphadenopathy. The pathological cliange was 
one of qualitative and quantitative h 5 qDerplasia of the follicles of lymphoid tissue to such 
an extent that it was called giant-lyniph-follicle hyperplasia. This observation was con- 
firmed by Symmers ® who recognized other instances of the disease. Later, Baker added 
a case. 

Further studies of cases of giant-follicle hyperplasia ^ revealed that the tumor could 
undergo a malignant transformation, and Symmers ° has discussed the relation of such a 
malignant phase to Hodgkin’s disease and lymphatic leukaemia. The clinical and patho- 
logical features of the disease have been summarized by Baehr,- and the roentgen treat- 
ment of the tumor has been emphasized by Rosenthal, Harris, and Kean, and by Ruben- 
feld. The association of giant-follicle lymphadenopathy with various skin lesions was 
presented by Combes and Bluefarb. 

In onty one case in the literature, however, was a single pathological fracture en- 
countered. Little mention is made of the ability, of polymorphous-cell sarcoma to invade 
bone. The case about to be reported is of interest from several standpoints. There were 
at least seven pathological fractures, and the entire skeleton was involved. Numerous lab- 
oratory procedures were carried out. The diagnosis was supported by biopsy as well as 
by autopsy, which revealed changes in the tumor from site to site, so that in different 
microscopic sections it resembled Hodgkin’s disease, reticulum-cell sarcoma, polymorphous- 
cell- sarcoma, and giant-follicle hyperplasia. 

CASE REPORT 

A. F. (No. B34548), a white woman, seventy-seven j-ears old, was admitted to the New Haven Hos- 
pital for the first time on October 17, 1942, and discharged on October 24, 1942. At that time a diagnosis 
of pathological supracondylar fracture of the right humerus was made. The roentgenograms showed the 
appearance of metastatic tumor with diffuse skeletal involvement (Fig. 1). Search for the primaiy site 
was unsuccessful. 

The second admission to the Hospital was on April 22, 1943. At this time the patient had sustained 
a fracture of the shaft of the left femur by turning over in bed. 

The past histoiy revealed that there had been a hard tumor mass on the forehead in the mid-line 
for the last seven years. This had not been increasing in size. For the last three years swellings in the 
region of each parotid gland had been noted, but according to the history obtained those had not been 
increasing in size. 

The family history was of interest onlj- in that a sister of the patient was reported to be dying from 
u cancer of the breast. 

{ On physical c.xamination the essential features, in addition to the fracture of the shaft of the left 
femur, were those of a hard, conical, regular, mid-line protuberance on the forehead, measuring three 
centimeter’s in diameter at its base, and bilateral tumors in the region of the parotid glands, which were 
firm, irregular, and freely movable, and about four centimeters in diameter. There were some small 
palpable lymph nodes in the posterior triangles of the neck. These were .so small that not much impor- 
tance was attached to them at that time. 

The fractured extremity was placed in Russell traction. Roentgenograms revealed that the ^rabls 
CGS the JounxaL of boss .\nd joint suacEHY 
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TABLE I 


Chemical Analyses of Blood Serum 


■ Date 

Calcium 
{Milligrams 
per cent.) 

Phosphorus 
{M illigrams 
per cent.) 

Total Protein 
{Grams) 

Albumin 

{Grams) 

Globulin 

{Grams) 

'Apr. 28, 1943 

9.37 

4.25 

5.18 

3.49 

1.69 

Aug.- 9, 1943- 

10.11 

4.42 

5.34 

3.58 

1.76 

Aug. 16, 1943 

9.8 

4.30 

5.42 

3.66 

1.76 

Sept. 22, 1943 

9.77 

4.38 

5.23 

3.55 

1.68 


for the fracture was an extensive lesion of the shaft (Fig. 3). The entire skeleton was x-rayed, and eveiy 
bone was found to be involved with the same destructive disease. It was noted that there were healed 
fractures of the right humerus (Fig. 2), the left radiius, and the second lumbar vertebra. 

As-the first fracture of the left femur healed, there occurred a second pathological fracture well distal 
to it, .because of an increase in the destructive process. During the healing of the second fracture, a third 
one occurred in between the first and the second, without any undue or unusual trauma, and while the 
patient was still in traction. The third fracture healed, and a fourth pathological fracture of the same 
femur- occurred while the patient was attempting to sit up (Fig. 4). 

Table I shows the Amlues of the serum calcium, phosphorus, the total protein, and the albumin and 
globulin Tractions on repeated examinations. Vitamin D and calcium lactate, given during the period 
August 11 to November 21, 1943, had no effect on these figures. 

A provocative test for the possibilitj’’ of h 3 'perparath 3 U-oidism was carried out, and yielded nega- 
tive’ results'. 

.The serum -lipoids were normal. The serum acid phosphatase was 1.5 King Armstrong units (nor- 
mal:. 0.5-2, 5), and the serum alkaline phosphatase was 7.7 King Armstrong units (normal: 3.7-13.1). 
Repeated serological tests for S 3 ’’philis (Kahn and Wassermann) were negative. 

‘ Mah 3 ' examinations for Bence-Jones proteinuria were negative. 

The blood picture showed a moderate hypochromic anaemia, with a relatively normal differential 
count (Table II). - ’ 

TABLE II 
Blood Findings 


Date 

R.B.C. 
(Millions 
per cubic 
milli- 
meter) 

Hcmoslobin 
(Grams per 
100 cubic 
centi- 
meters) 

W.B.C. 

( Thousands 
per cubic 
milli- 
meter) 

Polymorpho- 

nuclcar_ 

Neutrophils 

Non- 

Segmented 
(Per ‘•ent.) 

Polymorpho- 
nuclear 
Neutrophils 
Segmented 
(Per cent.) 

Lympho- 

cytes 

(Per 

cent.) 

Mono- 

nuclears 

(Per 

cent.) 

Eosino- 

phils 

(Per 

cent.) 

9!’ fF 

Apr. 22, 1943 

3.8 

11.2 

4.3 

18 

71 

9 

1 

0 

1 0 

May 29, 1943 

3.5 

11.5 

8.1 

3 

69 

18 

6 

3 

1 

June 22, 1943 

3.5 

9.5 

7.9 

9 

65 . 

23 

3 

0 

0 

Oct. 6, 1943 

3.25 

9.0 

6.1 

0 

72 

22 

2 

2 

2 


The ■ non-protein nitrogen was twenty-six milligrams per 100 cubic centimeters, and the phenolsul- 
fonphthalein excretion was 75 per cent, in two hours. 

During the patient’s sta 3 ’^ in the Hospital, there was a gradual enlargement of the nodes in the 
posterior triangles of the neck, as well as of the bilateral tumors in the parotid regions. The conical 
protuberance on the forehead also increased in size. The spleen and the liver were not palpable, and 
there was no other enlargement of lymph nodes. 

Biopsy of two cervical nodes was carried out. In each there was the characteristic picture of giant- 
follicle h 3 ’^perplasia (Fig. 6). Mitoses were seen, and in one area a tendency to invade the capsule was 
observed. 

Biops 3 ’’ was done on the olecranon, but this showed only thinning of the cortex and some fibrosis of 
the marrow. Therefore, a second biops 3 ’' of bone was carried out, this time in the distal portion of the 
ulna, a region shown b 3 ' the roentgenogram to have had marked destruction. This revealed microscopi- 
call 3 '^ no more than the section from the olecranon. 

The patient had a gradual downhill course, and died before the fourth fracture of the femur had 
healed. 

The essential findings at autops.v were as follows: L 3 'mph nodes were enlarged in the mediastinum, 
the neck, the peripancreatic region, and the mesenter 3 L The lymphoid structures of the wall of the 
gastro-intestinal tract (particularh" the stomach, ileum, and colon) were also enlarged (Fig. 7). Tumor 
had infiltrated the pancreas, but both the liver and the spleen were spared. Examination of the cranium 
revealed that the conical protuberance was composed of tissue which extended inward to involve the 
dura, but which spared the brain. All of the bones examined were extensiveb" destroyed by the neoplasm. 
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Fig. 7 

Section of l 3 'mphoid tissue from wall of the stomach. This resembles giant-follicle hj^per- 
plasia. Compare with Fig. 8. 



Section taken from the tumor invading the pancreas. This illustrates the great ploomorphi.sm 
of the cells. 
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The microscopic features of the tumor varied in different parts of the body so that various sections 
^ examined resembled giant-lymph-follicle liypcrplasia. Hodgkin’s disease, reticulum-cell sarcoma, and 
' polymorphous-cell sarcoma (Fig. S). 

COMMENT 

I 

\ There were scA’cral unusual features in this case. The age was greater than in other 
cases reported. All bones were invaded. The presenting complaint was a pathological 
; fracture, rather than enlarged lymph nodes. Neither the spleen nor the liver was in- 
volved. The tumor presented a histological jricture, the predominant characteristics of 
' which varied with the different tissues c.vamincd. Numerous laboratory procedures were 
' remarkable for their normal results. 

Acknowlcdgemont is gratofiillj' made to H. S. N. CSreen, M.D., for interpretation of the biopsy, and 
to Stanley H. Durlacher, M.D., for file autopsy material. Botli arc members of the Department of 
Palhologx’, Yale University School of Medicine. 
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SPONTANEOUS BILATERAL FRACTURE OF THE NECK 
OF THE FEMUR FOLLOWING IRRADIATION 

BY CLARENCE H. HEYMAN, M.D., CLEVELAND, OHIO 

Numerous cases of fracture of the neck of the femur following irradiation have been 
reported in the literature. However, since some of these have been associated with trauma, 
not all can be attributed solely to the effects of irradiation. 

It appears that bony union following these irradiation fractures has been rare. Since 
there are no detailed reports as to the treatment of such fractures, we cannot reach conclu- 
sions as to the cause of non-union. It has been suggested that an obliterative endarteritis 
caused by irradiation was a predisposing factor to non-union, but inaccurate reduction 
and incomplete fixation may have been the determining causes. 

In each of the fourteen cases reported by Dalby, Jacox, and Miller, pain antedated 
the diagnosis of fracture by some months, with an average of seven months elapsing from 
the onset of symptoms until fracture was demonstrated; and, in all but one case, roent- 
genograms of the femur preceded the diagnosis of fracture by months or years. Fracture 
of one hip in the case reported by Barden did not occur until two years after irradiation, 
but it is not clear whether the patient had had pain previously. There is no mention in 
the cases reported as to whether pain was relieved by fixation of the fracture. It is of 
especial interest to note that in none of the cases of Dalby, Jacox, and Miller had there 
been direct irradiation over the femoral necks, nor were lateral portals used over the 
trochanters. 

In 1926, Ewing described five stages of the effect of irradiation on bones. These stages 
progressed from a reduction of vitality and growth capacity of bone cells and bone-forming 
function, following moderate irradiation, to a complete necrosis with a long delay in 
sequestration, following severe exposure. There may be an increased fragility and marked 
tendency to spontaneous fracture, but under favorable conditions such fractures may 
slowly heal. Ewing attributes these features to the results of injury and sclerosis of blood 
and lymph vessels. 



Fig. 1-A 


Fig. 1-B 


f + 1.0 rlo-lit .-ind left hips on November 11, 1943. There is no demonstrable 
Roentgenograms of ^ had been having pain at the right hip for four weeks, beginning 

Sr mUhsl" She did „ol oo„.pla,e of the left h.p. 
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The folloiMng is a repoit of such a case; 

Mrs Z, sixty j ears old, -was fii si examined on November 11, 1943 She was complaining of pam at 
the inner aspect of the light Uiigli and knee This had begun foui weeks previously, following a long 
trip on a bus Tliere was no histor}' of injiiiy or date of acute onset of pain During June, July, and 
August, 1942, she had lecened radium and x-iay treatments for a partially differentiated squamous-cell 
carcinoma of the ceuix On June 6, 1942, she had received radium treatment consisting of 6076 milli- 
grams and niillicuiie houis, 2700 houis being given to the uterine canal, and 2376 to the cervix She had 
also receiied daily x-ray tieatments from July 6 to August 10, 1942, consisting of 2200 loentgen units, 
measured in an, to each of six pehic fields (four lower abdominal and two lateral fields), delivering 
3432 tissue loentgen units to the centei of the pelvis, using 200 kilovolts and a Thoreaus filter, at a dis- 
tance of seienty centimeters, to fields fifteen by ten centimeteis 

Although the patient limped, she was able to walk without support Theie was a moderate muscle 
spasm at the hip, with limited and painful abduction and inteinal rotation, and a loss of complete exten- 
sion There was no definite tenderness The physical findings were those present in an early aseptic 
necrosis of Ihe head of the femui, or the so-called malum coxae senilis Roentgenograms of the hips, 
however, showed no abnormality (Fig 1) She was advised to limit her physical activities and to leturn 
foi further observation 

The patient was again examined on January 29, 1944, approximately eleven weeks later Pain had 
become more severe, and muscle spasm was more pronounced Theie was now moderate tenderness over 
the posterior aspect of the hip The low er extremit 5 q however, was not everted, and she could raise the 
straight leg from the table without difficulty, although there was some pain Fracture was not suspected. 

I She was referied to the hospital for bed rest and traction Roentgenograms made there on February 18, 
1944, rev ealfed a fracture of the neck of the femur with a calcified band of callus and moderate rotation 
ot the head (Fig 2) There were small and localized areas of rarefaction of bone at the superior portion 
of the neck of the femur, but otherwise the density of the bone was normal, and not suggestive of aseptic 
necrosis Metastatic carcinoma was seiiously considered However, local examination of the pelvic organs 
and general examination, including roentgenograms of the chest, revealed no evidence of tumor There- 
fore, It was thought that the most likely possibility was a spontaneous fracture following irradiation 
Under general anaesthesia, a Smith-Petersen nail was inserted on February 22, 1944, without ma- 
nipulation of the hip Following this, the patient was promptly relieved of pain and muscle spasm She 
was discharged from the hospital on the twelfth postoperative day, with instructions to avoid weight- 
bearing, and to begin gentle active exercises of the hip She was having no difficulty with the left hip 
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Three months latci slic complained of piin at the left hip The on'Ct had been gradual, and there 
had been no injiirr She r\as walking with the Hippoit of a cane, and was bearing most of her weight on 
the preMon--h nailed hip, which wa"- now painle-s Theie was muscle spa-m at the left hip, and inability 
to raise the straight leg fiom the table Roontgenogianis showed a fiactuie across the neck of the left 
femur, stiikingh similar to that at the light hip (Fig 3) Since piompt lelief of pain had followed nail- 
ing of the right hip, and union appealed to be progi es-iiig, the left liip was al=o nailed This was done 
under general anae-the-ia without manipulation, and again Hide was piompt lelief fiom pain and muscle 
spasm 

^^hen last «cen, in Maich 1945, the patient was fiee fiom complaint She had no limp^ and had 
normal motion in both hips except foi shghth limited intcinal lotation She was quite actiae, could 
bear full weight without suppoit, and was doing her own housewoik 
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DISCUSSION 

This case apparently typifies the features of spontaneous fracture of the neck of tb 
femur following irradiation. Symptoms did not occur at one hip until fourteen month 
after the completion of irradiation, and at the other hip until eighteen months afterwarc 
Pain was present in each hip at least four weeks before roentgenographic changes wer 
demonstrable. It does not seem likely, in the face of negative roentgenograms during th 
early period of disabling symptoms, that fracture was the determining cause of pain. 0 
the other hand, the patient was promptly relieved following fixation by means of a nai 
This presents a similarity to the poorly understood mechanism of the “march”, or “insui 
ficiency”, or “exhaustion” fracture of the metatarsal bone, os calcis, or neck of thefemu 
It is characteristic of these fractures that there is no specific trauma, and that early roeni 
gcnograms are negative. Fracture is demonstrable only in later stages, when the nature c 
the condition is revealed by a band of callus or absorption of bone along the line of fractun 
While it is yet too soon to predict the end result regarding later degenerative change 
of the head of the femur, it appears at this time that bony union has progressed normall} 
Since it is said that non-union is the rule in this type of fracture, it is all the more impoi 
tant that -it be treated just as promptly and efficiently as any other fracture of the neck c 
the femur. Perhaps the likelihood of non-union would then be lessened. 
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DISLOCATIONS OF THE CERVICAL SPINE TREATED BY 
OPEN REDUCTION 


BY MAJOR R. J. B. MCEW’EX AND MAJOR J. G. BICKERTON 
lioyal Army Medical Corps 

From the No. 4 Orthopaedic Centre, 93 (Br.) General Hospital, Central Mediterranean Force 

The following report deals with the successful treatment by open reduction of three 
cases of unreduced fracture-dislocation. In each case, attempted 'reduction by non-oper- 
ative methods had failed. In two cases the cause of injury was a motor-transport accident; 
each patient had been thrown out of a vehicle and landed on his head. In the third case 
the patient had dived into shallow water. 

In the first case there was a unilateral dislocation of the sixth cer^dcal vertebra; in 
the second, a unilateral dislocation of the third cer\dcal vertebra ; and in the third, a bi- 
lateral dislocation of the fifth cervical A'ertebra. Symptoms of cord and root pressure were 
found in only the first case, the patient having paraesthesia of the upper limbs, and sub- 
jective weakness of the right arm and leg. The patients arrived at this Centre from fonr 
to sbrteen days after injury; attempts at manual reduction had alreadj-- been made within 
a few hours after the injur3\ 

In the first two cases further attempts were made at manual reduction under roent- 
genographic control, with general anaesthesia, but they were unsuccessful. Skull-traction 
calipers were then applied, and the patient was returned to the ward with initial traction 
of from ten to fifteen pounds. This was gradually increased to thirty-five pounds, and 
daily roentgenograms were taken in order to check progress. When it became apparent, 
after eight to twelve days, that reduction by simple traction was not possible, open opera- 
tion was decided upon. In the third case it was decided that, in vdew of the length of 
time that had elapsed, traction was likely to fail; hence open operation was performed at 
once. Reduction proved extremely difficult. We now consider that, if traction had been 
employed for several days before the operation, the reduction would have been greatly 
facilitated. 

OFERATnm PROCEDURE 

The patient was taken to the operating room with the skeletal traction maintained. 
Pentothal and later intratracheal ether anaesthesia were employed, and the patient was 
placed in the prone position. After the head and neck had been shaved and thoroughly 
prepared, a mid-line incision was made; the ligamentum nuchae was split; and the muscles 
^'ere stripped off the spinous processes and the laminae as far as the intervertebral facets. 
The dislocated vertebrae were then inspected, and a blunt bone lever was placed beneath 
the inferior articular facet of each dislocated vertebra, and the facet was carefullj’- levered 
over the tip of the corresponding superior facet of the vertebra below. During this ma- 
noeuATe, strong traction was maintained upon the skull calipers. After reduction the neck 
^'as hyperextended ; the wound was closed ; and the head, neck, and trunk were encased in 
plaster-of-Paris down to the iliac crests. The skull calipers were then removed. 

POSTOPERATIA’E TREATMENT 

Discomfort lasted for two to three days after the operation, but then the patients 
ere able to sit up in comfort. The sutures were remoA'ed at the end of three weeks, and 
a new plaster cast was applied. Standing was then permitted, and the patients were 
talking about the ward at the end of the fourth week. After the plaster had been re- 
moved, three months after the operation, the first man had a leather collar; and after an- 
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ether month he ivas returned to duty. The other two patients, wearing plaster collars, 
were evacuated as ambulatory cases to the United Kingdom, within two months of the op- 
eration. 

CASE REPORTS 

C.^SE 1. The patient was injiiied in a jeep accident on March 7. 1944. Manual i eduction was at- 
tempted under pentothal on the day o£ the injury, but was unsuccessful. Roentgenogram showed an- 
terior dislocation of the sixth cervical vertebra on the sei'entli ceivical vertebra. On March 12, 1944, 
a further attempt at manual leduction m this Centie was unsuccessful, and skull-traction calipers were 
then inserted nith ten pounds of traction. The next dai' traction was inci eased to twenty pounds, and 
the head of the bed was raised eighteen inches. On March 15, roentgenograms showed that the disloca- 
tion was still present; and on hlaich IS, traction was increased to thirty pounds. However, after two 
days. I’oentgenogiams showed no improvement in position. 

Open reduction was decided upon. The left lower articular piocess of the sixth cervical vertebra 
was found lying anterior to the left superior articular process of the seventh cervical vei tebra. The ver- 
tebra was levered into the conect position, skeletal traction having been maintained throughout. A 
plaster-of-Paris cast was applied, and the skull calipers were removed. Postoperative roentgenograms 
showed that full reduction had been obtained. There was no additional injurj’’ to the cord. 

The patient made a good recover 3 '. He wore a support of plaster-of-Paris for three months, which 
was replaced bj’ a leather collar. 

Case 2. On September 6, 1944, the patient was injured when he dived into shallow water. At- 
tempted reduction under pentothal on the daj' of the accident was unsuccessful. Roentgenograms dis- 
closed dislocation of the third cervical vertebra on the fourth cervical vertebra. 

Manipulation was attempted on September 10, but was unsuccessful ; and skull calipers were then 
applied with fifteen pounds of traction. Two daj’s later roentgenograms showed that the dislocation 
was not fullj’ reduced, so the traction was increased to twentj- pounds, and the head of the bed was 
raised eighteen inches'. On September 16, reduction was still incomplete, and traction was increased to 
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Fig. 2-B 

Before operation, with twenty pounds of trac- 
tion applied. 



Fig. 2-C 

After open reduction. Injury encased in 
plaster-of-Paris. i 


thirty pounds. Four days later roentgenograms showed the tips of the ai-ticular processes were still in- 
terlocking, and traction of thirty-five pounds was applied. On September 22, there was no improve- 
ment in the patient’s condition, and operation was decided upon. 

The lower articular process of the third cervical vertebra on the left side was lying in front of the 
upper articular process of the fourth cervical vertebra. The right side was not dislocated. The articu- 
lar process was levered over into position. The tip of the articular facet of the third cervical vertebra 
had been fractured. A plaster-of-Paris cast was applied, and the skull calipers were removed. The 
postoperative roentgenograms showed complete reduction. 

On November 10, 1944, the patient was wearing a plaster-of-Paris collar, and was evacuated as a 
walking case to the United Kingdom. 

Cask 3. The patient was riding in an armored car when it blew up, and he was thrown from the 
car, landing on his head. This occurred on August 12, 1944, and the roentgenograms showed a fracture- 
dislocation of the fifth cervical vertebra on the sixth cervical vertebra. 

On September 28, 1944, the patient was admitted to this Centre with the dislocation still unre- 
duced. Operation was decided upon. Skull calipers were inserted for traction. Both of the lower articu- 
lar facets of the fifth ceiudcal vertebra were lying in front of the upper articular facets of the sixth cer- 
vical vertebra, and were firmly locked. The lamina of the fifth ceivical vertebra was found to be frac- 
tured on the left side. The dislocation was reduced bj'’ means of bone levers, with difficulty. The frac- 
tured lower left articular facet of the fifth cervical veitebra was broken off during the manoeuvre. At 
the end of the operation the lamina of the fifth cervical vertebra was lying behind that of the sixth 
cervical veitebra, and the right posterior intervertebial joint was in normal position. Plastcr-of-Pans 
was applied, and the skull calipers were removed. Postoperative roentgenograms showed complete re- 
duction. 

On October 30, 1944, the patient, wearing a plaster-of-Paris collar, was evacuated to the United 
Kingdom, as an ambulatory case. 
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UNILATERAL HYPOPLASIA OF LUMBOSACRAL ARTICULAR PROCESSES 

A Case Report 

BY PAUL E. MCMASTER 

Commander, Medical Corps, Untied Stales Naval Reserve 

From the Orthopaedic Department of a United States Naval Base Hospital 
in the Sotilh Pacific 

A rare, anomalous, unilateral hypoplasia, n-ith resultant rudimentarj'- lumbosacral 
articular processes and associated neural arch of the fifth lumbar vertebra, has been re- 
centl}’- observed. The witer had never encountered a similar anomaly, and there seems to 
be no such case described in the literature. 

A thirts'-year-old white male, Private First Class in the Marine Corps, was admitted to the Hos- 
pital, September 18, 1944, complaining of low-back and right leg pain. .He had first noticed the gradual 
onset of this pain five years previously, and there was no historj' of trauma. Lifting produced pain, as 
did prolonged walking and running, and occasionally the patient was awakened by the pain. By being 
careful, he was able to minimize the discomfort, and he felt well enough to enlist in the Marine Corps 
in January 1943. Following this, although he suffered occasional pain, he did not report to sick bay. 

The patient stated that during the four months prior to admission to the Hospital, he had not been 
free of a constant dull ache. Acute exacerbations of pain in the low back'occurred much more frequently, 
and were aggravated by sneezing, coughing, lifting, and stepping down on either foot. He described the 
pain as of a locking or catching nature in the low right back, with sharp shooting pain to the right hip 
and down the posterior thigh to the knee. He had also noted that the right leg tired more easily than 
the left. 

The patient’s history revealed that he had had scarlet fever, diphtheria, and pneumonia in child- 
hood, also malaria in 1939. He had had an uncomplicated Neisserian infection in 1936. 

Physical examination revealed a right leg limp. The right knee and hip were slightly flexed in the 
standing position, with the weight resting largely on the left leg. There was some pehdc tilt to the 
right, as well as body list to the right. Moderate spasm of the bilateral lumbar muscle was present, and 
there was tenderness to percussion over the lumbosacral and right sacro-iliac areas. Spinal motions were 
moderately limited in all directions. Forward bending was accompanied by rotation of the luihbar spine 
to the right. All motions, if forced, caused a “catching” pain in the lumbosacral and the right sacro- 
iliac areas. 

Some atrophy of the right gluteal muscles was present. There was one inch of atrophy of the right 
thigh, and five-eighths of an inch of the right calf, compared to corresponding points of the left calf. 
Legs were equal in length. Straight-leg raising was bilaterally equal, and limited to 65 degrees. When 
leg-raising was forced, pain occurred in the areas of the right sacro-iliac and the posterior thigh. The 
reflexes and sensations of each leg were normal and equal. The physical examination was otherwise 
negative. 

Routine laboratory tests revealed no unusual findings. 

Roentgenographic studies of the lumbosacral spine, including the anteroposterior, lateral, and ob- 
lique rdews, showed rudimentary' apposing articular processes on the left, between the fifth lumbar and 
first sacral segments. The left lamina of the neural arch of the fifth lumbar vertebra was also hypoplastic 
(Figs. 1, 2, and 3). The corresponding right articular processes and arch seemed normal. The spinous 
process of the fifth lumbar vertebra appeared normal, although some incomplete fusion of the neural 
arch of the first sacral segment was present. Narrowing of the fifth lumbar disc was not apparent. 
Moderate haziness of each sacro-iliac articulation indicated arthritic changes. 

The patient was evacuated to the United States, October 27, 1944, as being unfit for field and 
combat duty. 

DISCUSSION 

Various developmental anomalies in the lumbosacral spine are well recognized, and 
not infrequently encountered. However, hypoplasia of the lumbosacral articular processes 
and associated laminae is rare. 
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Ossification of each half of a neural arch, including the articular processes, is usuall 
from one center. Variation occurs in the form of two primary centers of ossification ir 
stead of one for each half of the neural arch, especially for the fifth lumbar. The two cer 
ters, one for the anterior and one for the posterior portion of each half of the arch, ai 
joined by a cartilaginous plate, and later bony fusion occurs in that portion of the arc 
between the superior and inferior articular processes. 

In the present case, the anterior portion of the left half of the fifth lumbar arch- 
namely, the pedicle and the superior articular process — appeared normal; while the poste 
rior portion, including the lamina and the inferior articular process, was underdevelopec 
Thus, it is likely that there were two centers for the left half of the neural arch, the or 
for the posterior portion being hypoplastic. 

Explanation of the rudimentary left articular process of the sacrum appears to li 
either in the hypoplasia of the center of ossification for the left half of the sacral arch, c 
in the underdevelopment due to the lack of stimulus from an apposing normally develop 
ing inferior process of the fifth vertebra. The latter appears likely, as the two apposin 
processes are very small and rudimentary, and correspond in size, shape, and approxima 
tion. 

A routine anteroposterior roentgenogram did not show the deformity well, whic 
might have been overlooked because of overlapping shadows (Fig. 4) . However, with 
projection at a 15-degree angle from below upward in the anteroposterior plane, it wa 
well seen (Fig. 1). Lateral views did not disclose the deformity, but the hypoplastic proc 
esses and laminae were well seen in the right and left oblique views. 

The moderate' arthritic changes of each sacro-iliac joint were assumed to be of trau 
matic origin. There was no evidence in the history or physical examination which coul 
justify the assumption that the arthritis was due to an inflammatory or infectious condi 
tion. 

One of the striking features of this case is that the patient suffered no pain on th 
side of the anomaly, but he had right low-back pain which was apparently due to the ab 
normal stress and strain placed upon the right low-back muscles, fasciae, and ligament; 
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AN UNUSUAL TRAUiMATIC CORTICAL LESION OF BONE 


BY JOHX J. CRO^^'LEY, M.D., LY'XN, MASSACHUSETTS AXD 
HARRY’ G. OLKEX, M.D., BOSTON, MASSACHUSETTS 

From Ihe Dcparlvienl of Orthopaedics and the Laboratory of Pathology, Lynn Hospital, Lynn, 
and the Department of Pathology, Tufts College Medical School, Boston 

The combination of giant cells and fibrous tissue forms the basic histological pattern 
for several distinct pathological lesions of bone. These lesions may involve the medulla or 
the cortex, and, in rare instances, may bear a direct relationship to trauma. They include 
such varied, yet possibly related, entities as benign giant-cell tumor, osteitis fibrosa cystica, 
ossifying hematoma, fibrous dysplasia of bone, and non-osteogenic fibroma. This entire 
group has been open to a wide variation of pathological interpretation, and “conceptions 
regarding their nature have ranged from that of simple repair or frank infection on the one 
hand, to true neoplasm and outspoken malignancy on the other.” * 

The following case presents a lesion, apparently traumatic in origin, in which the 
reaction of the bone to the injury has produced an unusual pattern of giant cells and fibrous 
tissue, a pattern which simulates, in many respects, a tumor of the benign giant-cell type. 

CASE KEPOBT 

Case No. 114408. The patient, a si\teen-year-old white school boy, was first seen by one of the 
writers (JJ.C.) on Apnl 7, 1944. At this time the boy complained of pain in the right leg, which had 
been present smce March 28, 1944, when he had slipped on the steel tread of the stairs at school, and 
had twisted his ankle. Following this accident, he had been immediately taken to the LjTin Hospital, 
where roentgenograms were made of the right foot. As no fracture was noted, the foot was strapped, and 



Fig. 1 

Roentgenograms taken on the day the patient twisted his ankle, and approximately six 
months following the original hockey mjury. The location of the lesion is well shoim. It ap- 
pears to be entirely limited to the cortex, which is being destroyed. There was sharply localized 
tenderness at this point. 
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FlO. 2 


A more detailed view of the original cortical 
lesion. The medulla is not in^’olved, and the 
periosteum likewise shows no reaction. 

serology was negative. The blood sedimentation 
values on the day of admission (April 7) were: 


the patient was told to report to the Clinic in two 
days. lie did not retui’n until April 7, ten days later, 
for removal of the strapping. At this time pain was 
still ])i’e.sont, and on rc-cxaminalion of the roent- 
genograms, a jreculiar .small defect rvas observed in 
the bone on the lateral aspect of the lower right 
tibia. Closer quc.s(ioning revealed (hat this area had 
sustained jwevious in,iury a])proximatcly six months 
earlier, when, while playing hocke.y, the patient had 
been .struck by the jnick on the outer side of his 
right ankle. lie had not been incapacitated by this 
injurjq although lie had limped for .several da 3 '’s. 

The patient was admitted at once to the Lynn 
Hospital for observation. 

The examination showed oedema of the lower 
third of the right leg, with an acute and -sharply 
localized area of tcndoi'noss over the lateral aspect 
of the lower riglit tibia, about tliroe indies above 
the ankle. The temperature was normal, and physi- 
cal examination was otliciwise negative. Roentgeno- 
graphic examination of the right lower extromit.y re- 
vealed a localized de.slructivm lesion in the cortex of 
the lower lateral asjrect of the tibia, about two or 
three inclic.s (5 to 7.5 centimeters) above the ankle 
joint. The lesion inA'olA’ed tlie cortex only, and re- 
sembled somewhat a Brodie’s abscess or a cortical 
cj'st. There was no evidence of periosteal reaction 
at the site (Figs. 1 and 2). No definite roentgeno- 
graphic diagnosis could be offered. 

The patient was studied in the Hospital for a 
period of six da 3 "s. Repeated blood and urine e.v- 
aminations were witliin normal limits. The blood 
rate w-as 6.0 millimeters per hour. Blood cheriiistry 


Blood calcium * 13.2 milligrams per 100 cubic centimeters 

Alkaline phosphatase 11.4 BodanslQ”^ units per 100 cubic centimeters 

Serum inorganic phosphorus 6.6 milligrams per 100 cubic centimeters 

Repeat tests five days later (April 12) shorved: 

Blood calcium 11.15 milligrams per 100 cubic centimeters 

Alkaline phosphatase 13.9 Bodansky units per 100 cubic centimeters 

Serum inorganic phosphorus 7.1 milligrams per 100 cubic centimeters 

Roentgenograms of the skull, femur, and chest were negative. 


At operation the periosteum appeared to be eveiD’where intact, and unthickened. A small area of 
bluish discoloration was seen in the periosteum. TJie bone beneath this spot of discoloration felt soft, as 
though there were a defect in the continuit 3 ^ of the cortex. The periosteum, was then split, and the area 
of the lesion in the underhung cortex was exposed. The involved area appeared to be gelatinous, and 
measured about 1.5 centimeters in diameter. This area of soft gelatinous tissue was situated rvithin the 
cortex, and had replaced the bone. The overlying periosteum and the entire section of involved tibia 
rvere removed. 

Postoporafivo convalescence was uneventful. Roentgenograms taken after the oj^eration showed a 
complete excision of the bone lesion (Fig. 3). 

Since his discharge from the-Hospital, the patient has been seen regularly in the Oitliopaedic Clinic. 
He has been entire^’' free of S 3 ’mptoms. Blood studies made on the daj’^ of his discharge from the Hos- 


pital showed: 

Serum inorganic phosphorus 
Alkaline phosphatase 
Acid phosphatase 


4.5 milligrams per 100 cubic centimeters 

2.5 Bodanskr’ unit.s per 100 cubic centimeters 

3.0 King-Armstrong units per 100 cubic eentimetcr.s 


* This lone value for blood serum calcium was not confirmed ; ai! other values listed, howo\'cr, were 
confirmed by duplicate and triplicate determinations. 
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Roentgenograms taken immediately after the opeiation to show the excision of the original 
lesion in its entirety, leaving a defect at the site of the tumor. The adjacent bone appeals nor- 
mal, and the margins of the operative defect aie deal -cut and sharp 


ms- 


\ 


Roentgenograms taken four months after the opeiation, showing a filhng-in of the postopera 
tive defect wnth the return of the bone to normal. 
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Fig. 5 

Photomicrograph (X 100) showing the nature of the cortical lesion and its encroachment upon and 
dissolution of the bone. The pattern of the fibrous stroma and the relationship of stroma and giant 
cells stand out clearly (stained with eosin methylene blue). 

Roentgenographic e.\'amination of the site of the tumor four months after operation (August 9) 
showed a return of the bone to normal, with a healing of the operative defect (Fig. 4). 


PATHOLOGY 

The gross specimen consisted of a single wedge-shaped piece of cortical bone measuring 1.5 by 1.0 
by 0.8 centimeters. The central portion of the specimen showed an irregular defect in the outer surface 
of the cortex. This defect was due to the replacement of the bone soft, pinkish-gray, friable tissue, 
which lay within the substance of the cortex. The entire area occupied by this tissue measured less than 
1.0 by 0.6 by 0.6 centimeters. The specimen %vas fixed in Zenker's solution for histological study. 

Sections (Figs. 5, 6, 7, and S) show a tumor-like growth, composed chieflj'- of fibrous tissue and giant 
cells, replacing cortical bone. The growth extends from beneath the periosteum through the greater part 
of the thickness of the cortex, but it does not encroach upon the medullaiy cavitJ^ This fibrous tissue is 
composed chiefly of irregular bundles of spindle cells, resembling fibroblasts. These cells and their 
nuclei vary in size. The nuclei are oval, clear, and vesicular, and show small but prominent fragments of 
nucleolar chromatin. Some intercellular collagen is seen, but this is sparse. Mitotic figures are scarce. 
Scattered among the spindle-shaped stroma cells are numerous multinucleated giant cells of the foreign- 
body type. The giant cells vary in size, shape, and in the number of nuclei. As many as ten nuclei are 
seen in the larger cells. The distribution of these giant cells is not uniform, and in places they tend to 
form small clusters. Fresh hemorrhage is scattered throughout this lesion, and in addition a moderate 
amount of golden-yellow hemosiderin is found, Rung free in the tissue as well as within the stroma cells 
and other phagocytes. Although there is no definite association of the giant cells with the hemorrhage, 
they tend to clump most prominently in the regions of greatest bleeding. Foam cells are absent. 

There is no evidence of formation of new bone, nor is there any evidence of acute inflammation, 

or gross and histological features of this lesion, it is felt that the tumor-like growth 

tn bone renresents a response to trauma, which occurred appro.vimately six months before c.xamination. 
ThiTunusual reparative response of subperiosteal bone to injury resembles in its growth a benign giant- 
cell tumor. There is no evidence of malignancy. 
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DISCUSSION 

Possiblj' the most striking feature of this case is the limitation of the destructive lesion 
to the cortex of the bone. This is a very unusual location for a benign tumor-like grovth. 
Cortical lesions arising in the cortex are almost invariably inflammatory in nature or 
franklj"- malignant. The less virulent inflammations of bone, including chronic localized 
pyogenic osteomyelitis, syphilis, and tuberculosis, however, do not as a rule conform to the 
features of the lesion in this case; nor is the picture consistent with osteogenic sarcoma. 

Destruction of the bony cortex has been described several times in association with 
generalized von Recklinghausen’s neurofibromatosis^’^-®’®, or even in association with a 
localized nerve-sheath tumor, a neurilemmoma®. Such disease processes, when seen in the 
cortex, usually start with an involvement of the periosteal nerves, and lead to a gradual 
excavation of the bone by the invading tumor. These nerve tumors, however, show their 
own characteristic histological patterns which are quite different from that of the giant- 
cell lesion herein described. 

Individual osseous lesions of neurofibromatosis may bear a striking roentgenographic 
similarity to the traumatic lesion here described, even though the lesions vary so consid- 
eiably histologicalI3^ This is well illustrated in a case recentl}^ reported b3’' Green and 
Rudo, wherein a rounded defect was found in the tibia, which was involved by neurofibro- 
matosis. The authors rightfull3’^ interpreted this defect as tlie first step in the development 
of a neurofibroma within the bone. The roentgenogram of this neurofibromatous lesion, as 
it appeared in the publication of Green and Rudo, bears a striking similarity to the lesion 
under discussion, and serves to emphasize that the two processes cannot be completely 



Fig. 6 

lesion was moderately \ ascular, being supplied bv irregular blood 
cnannels formed by the peculiar stromal fibrous tissue In almost e\ en- field there could be seen 
for *^"^1 ^ "'’^'■oseope, fresh hemorrhage and old blood pigment There was no eiidence of now -bone’ 
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Photomiciograph (X 640). The stiomal-cell nuclei aie oval to lound, vesicular, and con- 
tain piominent nucleolai fiagmentb Then cell outlines aie not always distinct, and the 
amount of inteicellulai collagen is vaiiable, but nevei abundant. 
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Photomiciogiaph (X 640). The association of giant cells and stioma is intimate The 
nuclei of the giant cells lescinble closely those of the stromal colls Rare mitoses aio seen 

in the stioma. 
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differentiated by the roentgenograms alone. Such are the common lesions of bone asso- 
ciated primarily M'ith subperiosteal cortical destruction. 

As an expanding medullar}’’ lesion, the giant-cell tumor of bone is readily identified, 
and ■vvould probably occasion no confusion roentgenographically ■ndtli a lesion such as ’vre 
have described here. Hon'ever, more recently it has been sho-vvn that an essentially similar 
lesion can arise within the cortex beneath the periosteum. Geschickter and Copeland have 
accumulated four such cases. They included also the lesion described by Cone under the 
heading of “ossifying hematoma”. These subperiosteal benign giant-cell lesions in all 
instances folio-wed trauma to the bone -vs-ith hemorrhage and separation of the periosteum. 

Certainly the close association of Geschickter’s subperiosteal giant-cell tumors -with 
trauma, the location of the lesion -n-ithin the cortex, and the dissolution of the cortical bone 
are suggestive of tbe case herein described. The association of giant cells with fibrous 
tissue is also consistent. However, the similarity between these two lesions cannot be 
followed completely. In the case described herein, removal of the periosteum revealed no 
“shell of bone”, and upon incision there was no “ca-^-ity containing blood”. True, there was 
e^ddence of old and fresh hemorrhage in the lesion, and certainly this hemorrhage is sig- 
nificant, but probably does not warrant the conclusion that hemorrhage and disturbance 
of the periosteal blood supply is the primarj' cause of the lesion, as Geschickter believes to 
be the case with giant-cell tumors. 

Although Geschickter and Copeland made no mention of new-bone formation in their 
four cases of subperiosteal giant-cell tumor, they included Cone’s case of ossifying hema- 
toma as a typical example of the lesions they were discussing. An outstanding feature of 
Cone’s “ossifying hematoma” was the formation of new bone within the zones of organiz- 
ing hemorrhage. In the case under discussion, new-bone formation is conspicuous by its 
absence. 

The absence of new-bone formation is the second outstanding feature of this cortical 
bone lesion. Jaffe and Lichtenstein have described a benign tumor of bone characterized 
by the lack of bone formation under the heading of “non-osteogenic fibroma of bone”. 
Clinically most of the patients with non-osteogenic fibromata, while gi^^ng no history of 
trauma, had pain or swelling of long duration about a joint. The usual site for this lesion 
was the shaft of a long tubular bone, usually of the lower extremity. Again the lesion was 
not a cortical one, but rather began in the medulla. The authors remarked that, “the lesion 
may show up roentgenographically as a sharply delimited, eccentric, somewhat loculated 
area of rarefaction traversing the bone and even bulging it out on both sides”. Pathologi- 
cally the lesion of non-osteogenic fibroma was described as “consisting grossly of several 
discrete but contiguous yellow-brown fibrous foci whose basic microscopic pattern was 
found to be made up of whorled bundles of spindle-shaped connective-tissue cells, loosely 
interspersed with small multinuclear giant cells, though, in some lesions, areas containing 
foam cells may also be present and even prominent”. 

Upon comparing the lesion under discussion with the non-osteogenic fibroma of Jaffe 
and Lichtenstein, one is struck by the similarity of the histological patterns, and the dis- 
similarity in the locations of the lesions. 

The possibility that this lesion might be a variant of osteitis fibrosa or of fibrous dis- 
plasia® is also remote, for both of these processes are primarily medullarj'^ lesions, and are 
capable of producing bone. 

SUMM.AEY 

An unusual destructive lesion of bone was first examined six months following trauma 
to the tibia; it was limited to the cortex of the bone, and showed no periosteal or medullarj' 
involvement. Histologically the cortical bone was replaced by fibrous tissue and giant cells. 
There was associated old and fresh hemorrhage, but there was no evidence of new-bone 
formation. 

This lesion does not fall within any definitely known categorj' of bone patholog}*. It 
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is best considered as a benign lesion which represents an unusual reparative response on 
the part of the bone to injury. 

Note: The authors wish to extend tlieir deepest gratitude to H. E. MacMahon, M.D., Heniy Jaffe, 
M.D., Joseph L’Episcopo, M.D., and Jean Oliver, M.D., for their helj) with the histological interpretation 
of this lesion, and to Herman Osgood, M.D., for his assistance with the roentgenographic studies. 
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SAGITTAL CLEFT (BUTTERFLY) VERTEBRA 


BY MAJOR FREDERICK: J. FISCHER AND CAPTAIN E. E. VANDEMARK 
Medical Corps, Army oj the United States 

From Bruns General Hospital, Santa Fe, New Mexico 

One hundred years ago von Rokitansky described a congenital division of the twelfth 
thoracic vertebral body into two lateral halves with an intervening sagittal cleft. Since 
then, the literature dealing with this condition has not been abundant, particularly in 
English. The majority of reported cases have been in the form of single case reports from 
European clinics. In some of these cases, the anomaly has been reported as a cause of 
symptoms in the back, although in others there have been no symptoms. In a given case, 
the clinical evaluation of this anomaly may present certain difficulties. The following 
cases illustrate several of the typical features of the condition. 

CASE REPORTS 

Case 1. A private, aged thirty-eight, was admitted to Bruns General Hospital on December 31, 
1943. Six days before he had been struck by an automobile, and a plaster-of-Paris body jacket had been 
applied at another hospital. The patient stated that for five j'ears he had suffered low-back pain, which 
was located in the mid-lumbar region. The pain had never been severe, and the patient had never con- 
sulted a doctor. He had been able to perform his civilian duties as a car painter without difficulty. 
However, with the increased acti^'ity of Army life, he had noticed increased pain in the affected area. 
Roentgenograms revealed an unusual vertebral anomaly; the body of the third lumbar vertebra was 
divided into two somewhat unequal halves (Fig. 1-A) ; the left half was slightly larger than the right, 
producing a mild left lumbar scoliosis. An indentation was present on the right side of the third lumbar 
vertebral body, but absent on the left. Vety slight narrowing of the adjacent intervertebral spaces was 
noted. The lateral \dew (Fig. 1-B) showed anterior wedging of the halves of the third lumbar vertebra 
with possible slight compensatorj' enlargement of the anterior portion of the fourth lumbar vertebra. 
A small hypertrophic spur was seen at the anteroposterior- margin of the fifth lumbar vertebral body. 
The right and left oblique %'iews (Figs. 1-C and 1-D) showed a slight relative narrowing of the joint 
spaces between the adjacent articular facets of the second and third lumbar vertebrae. The neural arches 
were intact, and showed no evidence of defect. 

Clinically, examination of the spine was not remarkable, except for some loss of the normal lumbar 
curve, tenderness to percussion over the mid-lumbar spine, and a slight left lumbar scoliosis on extreme 
flexion of the spine. 

The patient soon lost his lumbar pain, and was released from the hospital after full recoveiy from 
a simple fracture of the left fibula, suffered at the time of the accident. He was assigned to duties which 
did not involve heavy lifting, prolonged walking, standing, and drilling. 

Case 2. A corporal, aged twenty-three, was seen in the Orthopaedic Clinic at Bruns General Hos- 
pital on July 19, 1944. His chief complaint was thoracic and lumbar backache, which occurred upon 
heavy lifting, as well as during prolonged hiking with a pack. This pain first occurred when the patient 
was sixteen, and at that time it was noticed that his back was rounded. In civilian life, the patient had 
given up a position as a waiter because of the back pain, which occurred while he was carrying heavy 
trays of silverware. Since entering the -Army, the patient’s duties had necessarily^ been limited because of 
this disability. 

Clinical examination showed a marked kyphosis at the level of the tip of the seventh thoracic spinous 
process. The kyphosis was fixed, resulting in some limitation of motion in the thoracic spine. .A compen- 
satoiy increase of the normal lumbar curve was present. 

Lateral roentgenogram (Fig. 2-A) revealed an absence of the anterior third of the eighth thoracic 
vertebra, with marked wedging of the remaining portion of the vertebral bodj-. The anterosuperior 
margin of this vertebra produced an indentation in the inferior surface of the seventh thoracic vertebra. 
Slight irregularities in the end surfaces of the adjacent vertebrae were noted. The anteroposterior view 
(Fig. 2-B) showed, in addition to the previously described eighth thoracic vertebra, a division of the 
seventh thoracic vertebra into two halves by means of an irregular narrow cleft. There was no anterior 
wedging or lateral displacement of the two halves of the seventh thoracic vertebral body. 

It was recommended that the patient be assigned to light duties which would not place an undue 
strain on his back. 
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Fig. 1-A 


Fig. 1-B 


Case 1. Roentgenogram showing the body Lateral view. The wedging anteriorly of the 

of the third lumbar vertebra divided into two third lumbar vertebra simulates a compression 
unequal halves. fracture. 



Fig. 1-C Fig. 1-D 

Right oblique view. Left oblique view. 


THE JOURNAL OF BONE AND JOINT SURGERY 



SAGITTAL CLEFT VERTEBRA 


697 



Fig. 2-A 

Case 2. Lateral roentgenogram showing ab- 
sence of the anterior third of the eighth thoracic 
vertebra with wedging of the remaining portion 
of the vertebral body. 



Fig. 2-B 


Anteroposterior view. A narrow irregular 
cleft separates the seventh thoracic vertebra 
into two halves. 


In this case, the cleft seventh thoracic vertebra was not compressed anteriorly, nor 
were the lateral masses displaced, so there is no evidence to suggest that the cleft vertebra 
caused the symptoms. In contrast, the grossly malformed eighth thoracic vertebra pro- 
duced a severe kyphosis and a secondary lumbar lordosis. Sagittal cleft vertebra may be 
associated with other malformations of the vertebrae and the ribs. 


roentgenographic findixgs 

The typical “butterfly” appearance is seen on the anteroposterior view, where the 
wings of the butterfly are represented by the two symmetrical halves of the vertebral 
body. The two halves may be separated by a w'ide cleft, bridged by strands of bone, a 
bony bridge, or demarcated only by a narrow sagittal cleft between the two halves (Fig. 
3 A, B, C, D) . In this typical picture, the halves are of equal size; however, they may be 
slightly unequal, displaced laterally or wedged anteriorly. Resultant scoliosis or kyphosis 
may be noted. The adjacent intervertebral spaces may be narrowmd, but not collapsed. 
Compensatory changes may occur in the adjacent vertebrae, as if an attempt had been 
made to fill in the deficiencies in the form of the anomalous vertebra. Other vertebral 
and rib anomalies may be associated. 

treatment 

Treatment is not indicated in asymptomatic cases, and in cases with only mild de- 
formity. In the usual case, correction of the kyphosis or scoliosis is not practical. Limi- 
tation of activity and the avoidance of hea’iy lifting will result in relief of pain in certain 
cases Pain is also relieved by the use of an external support; internal fixation by means 
01 a bone-graft has apparently seldom been warranted up to the present decade. 

'OL. XXVII, xo. 4, OCTOBER 194,''. 



698 


F. J. FISCIIBR AND R. E. VANDEMARK 



B 


CONCLUSIONS 
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Fig. 3 

Variations in the sagittal cleft which may be 
A\ wide, B: bridged bj-- small bony strands, 
C : crossed by a bon)’’ bridge, or D : narrow. 
Further variations in the butterfly appearance 
result from inequality of the I'^ertebral halves 
or their lateral displacement. 


Tlic reported cases of sagittal cleft verte- 
bra arc too few to permit a final clinical evalu- 
ation of the condition. It is evident, however, 
that from an orthopaedic standpoint, the cases 
fall into two principal groups, the symptomatic 
and the asymptomatic. The symptomatic 
gi’oup arc usually characterized clinically by 
the presence of mild, moderate, or severe local 
deformity occasionally followed by pain, and 
roentgenogi’aphically by anterior compression 
of the vertebral body halves, and less fre- 
quently, by inequality of the two vertebral 
halves or their lateral displacement. In these 
cases, the sagittal cleft roentgenogi’aphically 
distinguishes the anomaly from unreduced 
vertebral body fractures with anterior or lat- 
eral compression and lateral displacement. 
Clinically the symptomatology may resemble 
that seen in old unreduced fractures of the 
vertebral body. Certain asymptomatic cases 
are characterized clinically by the absence of 
deformity. Roentgenographically they show 


division, not always complete, of the vertebral 
body into two equal halves, without anterior compression or lateral displacement. It seems 
unnecessary to discuss in detail the embryological and pathological aspects of this anom- 
aly, which have been thoroughly reviewed so recently by Ehrenhaft. 


REFERENCES 

Ehrenhaft, J. L. : Development of the Vertebral Column as Related to Certain Congenital and Patho- 
logical Changes. Surg. G)"nec. Obstet., LXXVI, 282, 1943. 

Godoy-Moreira, F. E.: Vertebra em borboleta. Anais Paulistas de Med. e Cir., XXXVII, 849, 1939. 
Harrenstein, R. j.: Angeborene Kyphose mit Gibbus infolge Wirbelmissbildung. Ztschr. f. Orthop. 
Chir., LII, 332, 1930. 

Korvin, Helmut: Wirbelkdrperspalte am 5. Lendenwirbel (Schmetterlingswirbel). Rdntgenpraxis, V, 
389, 1933. 

Lance: Deux cas de cyphose avec gibbosite par anomalies osseuses congenitales. Rev. d’Orthop., X, 
55, 1923. 

Peabody, C. W.; Congenital Malformation of the Spine. J. Bone and Joint Surg., IX, 79, Jan. 1927. 
Reisner, A.: Volkommene Spaltbildung am 5. Lendenwirbelkorper (Somatoschisis). Rdntgenpraxis, III, 
937, 1931. 

Renander, A.: Entwicklungsstdrungen der Wirbel. Somatoschisis. Hemispondjdus. Acta Radiol., X, 588, 
1929. 

VON Rokitansky, Carl: Handbuch der pathologischen Anatomie. Vol. II. Wien, Braumiiller und Seidel, 
1844. 

Sereghy, Michael: Eine sonderbare kongenitale Missbildung (Schmetterlingform) des 3. Lumbalwirbels. 
Fortschr. a. d. Geb. d. Rdntgenstrahlen, XXXVI, 353, 1927. 


the journal or bone and joint surgery 



GUKSHOT ’^^'OUND WITH OSTEOilYELITIC DESTRUCTION OF 
THE BODY OF THE THIRD CER'SHCAL '\H:RTEBRA 

M-IJOR CHA.RLES L' HALSER A^XD LIEETE^■A.^T DWIEL J REAGAX 
Medical CoTp%, Army of the United States 
From the Deshon General Hospital, Butler, Pennsyltama 

A pn\ ate was admitted to Deshon General Hospital on October 26, 1944, as an oa erseas casualtj', 
hai ing been wounded by a machine-gun bullet in France on August 28, 1944 The bullet entered the 
right side of his jaw, passed down through the body of the third cervical \ ertebra, and lodged in the soft 
tissue on the left side of his neck As a result of this wound, he sufiered a compound fracture of the 
ramus of the mandible on the right, and a compound fracture of the third cerncal vertebra He had 
receii ed prompt medical attention at the scene of injiirj', and was quickly transported to an Ei acuation 
Hospital in the Zone of Combat, where the wound oier his jaw was closed, his teeth were wired, and the 
foreign body was removed from the left side of his neck From the Evacuation Hospital, he was taken 
to a General Hospital in England, nhere he arm ed on August 31, 1944. It was not immediately apparent 
that he had suffered the fracture of the third cen ical \ ertebra, but, at the General Hospital in England, 
the fracture nas reported, and the patient was placed in a Minena-type plaster cast in order to immo- 
bilize his neck (Fig 1). The fractured jaw was treated by wiring with elastic-band traction for immo- 
bihzation His course m the General Hospital was comphcated by the deielopment of pneumoma, 
which readily responded to sulfadiazine therapy On October 7, 1944, he was boarded for the Zone of 
the Intenor, and transported back to the contmental hmits of the Hmted States, finally arming at 
Deshon General Hospital 

Upon admission, he was m fair physical condition, considering the grai it> of his mjunes His cast 
was m good condition, and his jaws were adequately immobilized with a good reduction of the mandibu- 
lar fracture. Although temperature was within normal range, the patient had a hacking cough, productii e 
of a considerable quantity of thick sputum His complaints were hmited to the cough, with some pain 
in the chest, and to radiation of pain down the left arm whenei er he coughed An offensii e odor to his 
cast was found to result from a pressure sore, which had dei eloped o\ er the posterior aspect It nas nec- 
essaiy to remove the plaster cast in order to treat the pressure sore, to get adequate news of the cen ical 
fracture, and to examine his chest satisfactonlj- Roentgenograms of the cerncal spine showed a destruc- 
tiie process present m the body of the third cerncal \ ertebra (Fig 2) Roentgenograms of the lung fields 
shoned either a pneumomtis or an atelectasis The temperature and white-blood-cell count remained 
within normal limits, although the sedimentation rate had increased, and a culture of the sputum showed 
pneumococci In order to immobilize the cen ical spine adequatelj', Crutchfield tongs were introduced 
through the outer table of the skull on November 13, 1944, and ten pounds of traction nere applied to 
the head 

Adequate examination of the nose and throat was impossible at this time, because of stiffness of 
the temporomandibular joints, brought on by the prolonged winng which the mandibular fracture had 
necessitated Howei er, by No\ ember 1, the mandibular fracture was sufBcientlj healed to allon adequate 
mobilization of the joint to be started The patient was placed on a ngid regime of gum chewing, in an 
effoit to mobilize the joint sufficientlj^ to permit a «atisfactorj’ larj-ngoscopic examination Dunng the 
first week of November the patient began to show endence of sepsis, as seen m the increased white- 
blood-cell count and a rising fei er, which at one time ro^e to 104 degrees and was accompanied bj a chill 
Along with these signs of acute infection, the patient began to complain of increasing numbness and 
weakness in the upper extremities By the middle of Noi ember, the neurological findings had progressed 
to the point where the patient showed marked motor weakness of both arms. In peraesthe-ia of the arms 
and thorax, and questionable pjwamidal-tract signs m the legs It was at this time that a sufficientlv 
satisfactorj larj ngoscopic examination was possible, and a marked swelhng of the posterior phamix was 
seen, the ti‘^es showed a moderate diffuse reddening Repeated cerncal roentgenograms also showed 
a retropharjngeal swelling consistent with the laiyngoscopic findings, in addition to further destruction 
and fragmentation of the bodj' of the tlurd cen ical i ertebra A lumbar puncture showed a comjilete 
spinal-fluid block with protein of 149 milligrams per 100 cubic centimeter-, and fourteen cells per cubic 
millimeter At the onset of his febrile reaction, the patient had been placed on intramu-cular injections 
of penicillin eiery' three hours for a daily total of 200000 units Hi- atelecta-i- had cleared up m the 
pre\ lous w ceks, as ei idenced b> negatii e elimcal finding-, and the absence of roentgenographic patho- 
logical signs .4. diagnosis of paralvsis of the spinal cord at the le\ el of the third cen ical i ertebra as a 
result of an epidural ab-ce-s^ was made, and surgical interference appeared urgent Opinion was diiided 
as to the proper surgical procedure .4 docomprc-sion of the cord b\ means of a Hminectomi . an inci- 
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sion through the posterior cen'ical triangle for drainage of the lateral retropharvugeal space, and an 
incision directly into the dome of the abscess were considered. Fortunately, the abscess ruptured spon- 
taneously into the pharj-nx before a decision was made. The first evidence of the spontaneous decom- 
pression was seen, when the patient coughed up several small pieces of bone. Larjmgoscopic examination 
showed a draining fistulous opening in the posterior pharj-nx, just to the right of the mid-line on a level 
with the superior edge of the epiglottis. Suction was applied to the sinus without any great improvement 
in the amount of drainage obtained. The sinus continued to drain sufficiently to decompress gradually 
the retropharjTageal abscess, as evidenced bj' gradual recession in the pathological and neurological find- 
ings. On December 13, 1944, a larj-ngoscopic examination showed the fistulous tract to be still patent, 
and a graj’ish substance resembling a piece of bone was seen Ijfing in the tract. It was impossible to 
grasp this fragment of bone with forceps, and suction was again applied to the tract in an effort to increase 
the amount of drainage. Apparentlj-, as a result of the suction and the attempted extraction, the patient 
developed a severe coughing attack that evening, and spontaneousl 5 ' coughed up a fragment of bone, 
approximately one inch square, which resembled in structure the cortex and cancellous framework of a 
cen’ical vertebra. A considerable amount of foul-smelling pus accompanied the expectoration of this 
fragment of bone (Fig. 3). 

From this time on, the patient showed steady improvement. The temperature returned to normal 
limits, the white-blood-cell count fell to a normal level, and the sedimentation rate started to drop. Thp 
neurological findings showed steady improvement; motor power increasing, hj-peraesthesia receding, 
v.hile the evidence of pyramidal-tract involvement disappeared. Roentgenograms of the ceiwical spine 
showed a virtually complete disappearance of the third ceiwical vertebra, with a regression in the prem- 
ously reported retrophaiy-ngeal swelling. Lumbar punctures performed shortly thereafter revealed nor- 
mal spinal-fluid dj-namics with no evidence of block, normal chemistrj*, and a normal cell count. The 
fistulous tract remained patent for approximate!}' thiee more weeks, although gradually diminishing in 
size. The amount of drainage from the tract became greatly decreased, until the sinus healed spontane- 
ously about the middle of Januaiy- 1943. With the gradual subsidence of the patient's acute infection, his 
general condition improved markedly. His spirits rose, and he was able to eat sufficiently to regain ,hiB 
strength and weight. His progress was so rapid that on Februaiy 21 his physical condition was sufficiently 
good to permit the formidable surgical procedure of a fusion of the second, third, and fourth cervical 
vertebrae. 

At this time the patient showed no ei’idence of any neurological involvement, having regained full 
sensation in the upper extremities with a return to normal of his muscular strength. Pnor to the opera- 
tion, a plaster cast of the Minen-a type was reapplied with the neck held in extension. In order to assure 
sufficient immobilization and traction to the neck, a walking iron was incorporated in the headpiece of 
the jacket, so that the Crutchfield tongs which had been applied previously could be fastened to the 
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Fig. 4 


Side view of cast with incorporation of 
tongs traction to skull. 
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Fig. 5 


Postenor view of cast with incorporation of 
tongs traction to skull. 


702 


C. U. HAUSER AND D. J. REAGAN 


crosspipco of tlie walkinp iron, and llius maintain acle- 
qualc (raclion on flic nock during the cervical fusion. 
Adcriuafc exposure of the operative field was ob- 
tained by removing the po.slerior portion of the plas- 
(or ca.sf coN'ering the head and neck. The walking 
iron with the .sti.spcn.sion through the tongs .served to 
iiiiinobilizp the head adequately, even after this por- 
tion of the cast had been removed (Figs. 4 and 5). 

The fusion of the cervical .spine proved even 
more dilficult than had been anticipated, because of 
the trcmendou.s amount of bleeding encountered in 
an effort to cxpo.se the cervical .spine. It was felt that 
this bleeding undoubtedly nro.se from the congestion 
due to the previous infection of the vertebral bod}'. 
The bleeding was controlled with difficulty, and the 
only aiicqjiiilc exposure of this held was obtained 
when the iiaticnt went into a mild primar}' shock 
with a drop in blood iiressure. Even though the 
blood ])re.ssure remained low, it was pos.sible to e.x- 
pose completely the posterior elements of the first, 
second, third, fourth, and fifth cervical vertebrae, and 
an operation of the Albee t 5 'pe was performed, by 
raising the cortical jiortions of the lamina and spines 
of tlie second, third, and fourth cervical vertebrae, 
and inserting a three-inch tibial graft on either side 
of the spinous processes for fixation. In addition to 
the grafts, bone chips were packed between and on 
top of the lamina of the second, third, and fourth 
cervical vertebrae. It was felt that an attempt to re- 
move the articular cartilage of the involved vertebrae 
in the usual fusion of the Hibbs type would be risky, 
because of the tremendous amount of bleeding and the shocked condition of the patient. It was pos- 
sible to complete the operation only after heroic amounts of plasma had been administered. The patient 
received three pints of plasma and three pints of blood during the operation which lasted two and a 
half 1 ours. 

The patient’s postoperative course was as uneventful as his operati\'e course was storm}'. His highest 
postoperative temperature W'as 100 degrees, and, other than receiving two more transfusions for his sec- 
ondary anaemia, no measures were needed beyond the usual postoperative regimen. He received penicil- 
lin intramuscularly and sulfadiazine by mouth, as prophylactics against reinfection. He was able to sit 
up in bed at the end of the tenth postoperative day, and was up in a wheel chair by the end of the second 
week. The sutures were removed at the end of four weeks, the wounds hai'ing healed per primam, and 
a new Minerva cast w'as applied. The Crutchfield tongs were then removed, because sufficient support 
was obtained by means of the plaster immobilization alone (Fig. 6). 

It is, of course, too early to evaluate the ultimate result in this case. It is hoped that 
a good strut of bone posteriorly, running from the second to the fourth cervical vertebra, 
will compensate adequately for the loss of the third vertebral body. When the bone grafts 
have become strong enough, it is felt that all danger of a sudden flexion of the neck caus- 
ing severance of the cord will be obviated. Since the first cervical vertebra was not involved 
in the operative procedure, the patient should obtain a fairly normal range of motion in 
his head and neck. It will be impossible to evaluate properly this case for at least six 
months or a year after the operation, and some form of external fixation will be needed 
during that time. 
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INTRA-ARTICULAR OSTEOCHONDRAL FRACTURES AS A CAUSE FOR 
INTERNAL DERANGEiMENT OF THE KNEE IN ADOLESCENTS 


BY PAUL H. HARMOX, PH.D., M.D., SAY’RE, PENXSYLVAXIA 
From the Section on Orthopaedic and Traumatic Surgery, the Guthrie Clinic 
and Robert Packer Hospital, Sayre 

The two most common causes of internal derangements of the knee in young adults 
are injuries to the menisci and osteochondritis dissecans. However, injury to the meniscus 
is not the most common cause of knee-joint disabilities in children. The writer has seen 
two cases of a comparatively rare condition, that deserves more publicity, since there are 
undoubtedly many similar cases that go unrecognized or undiscovered until arthrotomy 
has been performed under the mistaken diagnosis of meniscus injury. Our cases and those 
already reported in the literature indicate that these intra-articular osteochondral frac- 
tures usually occur in juveniles and adolescents. It is essential that the correct diagnosis 
should be made at the earliest moment, so that the surgeon may perform the arthrotomy 
without delay, in order to prevent further damage to the cartilage and other structures 
within the knee joint. 

Several recent reports indicate that it has been possible to make a positive diagnosis 
in these cases prior to operation. Milgram, in reviewing the literatnre on a condition 
which he refers to as “tangential osteochondral fracture of the patella”, lists a number of 
reports of intra-articular osteochondral fracture of the patella. Of the cases which Mil- 
gram himself described fully, and five other cases referred to by him, most occurred in 
children and adolescents. 

There seems to be no essential difference in the mechanism of production of the injury 
to the patella with subsequent formation of an osteochondral intra-articular body from 
that structure, and the two cases herein reported in which the osteochondral intra-articu- 
lar body arose from the femoral condyles. 

CASE REPORTS 

C.\SE 1. D. H., male, aged fifteen, injured his knee while skiing, lacerating it when he fell on a 
stone. Physical examination showed a diagonal laceration of one and one-half inches (3.75 centimeters) 
over the lateral portion of the left knee joint, extending into the joint. Roentgenogram (Fig. 1) showed 
a small fragment of bone, lying on the lateral aspect of the lateral condyle of the femur. It was the opin- 
ion of the roentgenologist that this represented an intra-articular chip fracture. 

After debridement, inspection showed that the laceration extended through the joint capsule just 
lateral to the patella. The fragment, which came from the marginal surface of the lateral condyle, was 
easily located. It was approximately three times the size anticipated from the roentgenogram (Fig. 1). 
The additional bulk was due to cartilage which comprised about three-fourths of the loose fragment. 
After removal of the fragment, the joint capsule was snugly closed with interrupted non-absorbable 
stitches. 

The knee was aspirated on the second and third postoperative days. Bacterial cultures on both these 
occasions proved sterile. The patient made an uneventful recoverj'- 

C.\SE 2. G. M., female, aged sixteen, was injured in a gj'mnasium class in Februarj' 1943. The 
local physician who attended the patient stated that the patella was dislocated, and there was a gross 
licmarthrosis, necessitating the aspiration of blood. Although the ^'mptoms quickly became less acute, 
constant pain in the knee persisted, and locking occurred in flexion on six or seven occasions during the 
four months following the injur>'. 

Examination of the knee, when the author first saw the patient four months after the initial injun'. 
showed excess fluid in the joint with ballottement of the patella. Motion, both passive and active, was 
normal. The joint was stable. There was slight tenderness over the medial ligaments. Roentgenogram 
of the knee was negative (Fig. 2-.A). The patient was advised to keep the knee mildly compressed with 
an elastic bandage, and to return at intervals for obseiwation, as the episodes of locking made the exam- 
iner suspect a cartilage injurj'. 

The patient was seen twice at intervals of two weeks, on both of which occasions she stated that 
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the pain still persisted. Tenderness could be easily elicited by pressing the patella against the femur. 
These further observations pointed toward chondromalacia of the patella or an internal derangement, 
in wliich either the infraimtellar fat pad or some other soft-tissue structure was interfering with adequate 
motion. Arthrotomy was advised. This was performed on July 23, 1943, the knee being opened through 
a medial parapatellar incision seven inches (17.5 ccntimcteis) long. As soon as the joint had been opened, 
a large defect was seen in the articular cartilage in the medial half of the patella. This defect was irreg- 
ular, and extended through the chondral portion of this bone. The defect had been filled in to some 




Fig. 1 

Case 1. Anteroposterior roentgenogram of knee. 
Arrows indicate the intra-articular osteochondral 
body derived from the lateral condyle of the femur. 


Fig. 2-A 

Case 2. Anteroposterior roentgenogram of 
knee. The shadows of the osteochondral bod}' 
are quite hazy, and they were identified only 
after the body was discovered at arthrotomy. 
The arrows indicate the position of the frag- 
ment. 



Fig. 2-B 


Views of the osteochondral loose body removed from knee in Case 2. Note the roughness on the 
posterior surface. This appearance is undoubtedly due to the irregular deposit of fibrin and fibio- 
cartilage on the former bare osseous surface of this fragment. 
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extent with fibrocartilage. There was a corresponding groove in the cartilage of the' medial femoral con- 
dyle, estimated to be one-eighth of an inch (0^ centimeter) in depth, which had been produced by the 
constant friction of the irregular patellar surface. Further search in the joint demonstrated a single large 
cartilaginous fragment at the level of the lateral femoral cond 3 de and firmlj* adherent, being boimd 
down on the lateral aspect bj' numerous fibrous adhesions. The bodj' (Fig. 2-B), when removed, re- 
sembled in size the cartilage defect in the medial half of the patella. After removal of the loose bodj', 
the groove in the medial femoral cond 3 -le was made smooth b 3 ' paring the rough margins with the scal- 
pel. Tlie knee joint was closed in la 3 ’ers, and a plaster C 3 'linder was applied, extending from the ankle 
to the junction of the middle and upper thirds of the thigh. 

Eeinspection of the roentgenogram (Fig. 2-A) taken before operation showed an indefinite shadow 
which partiall 3 ’ overla 3 ' the lateral femoral cond 3 ’le. This shadow was unquestionabb' due to the few 
osseous elements present in the detached fragment. 

The postoperative course was uneventful ; the patient left the Hospital on the fourth postoperative 
da 3 ', walking with the aid of crutches. Three weeks after the injury and ten da 3 's after removal of the 
plaster C 3 'linder, she stated that her knee joint functioned better than at an 3 " time since the injur 3 '. The 
patient walked with a normal gait, and joint motion was normal. She was last seen one and one-half 
years after operation, and complications had not arisen. 


DISCUSSION 

The sequence of et'ents and the operative findings leave little doubt that the intra- 
articular fracture was produced the injuiy. In Case 1, the osteochondral fragment re- 
covered fitted the defect; but, in Case 2, the bed of origin had been filled to some extent 
with fibrous tissues. Such an injury may be either direct, as occurred in Case 1, in which 
a stone or other sharp object penetrated the soft structures about the knee, and, in turn, 
injured the intra-articular structures ; or the osteochondral fragment can be loosened from 
the patella indirectly by the trauma which had originally dislocated this structure. Since 
most dislocations of the patella occur in a lateral direction, it can be assumed that the lat- 
eral femoral condyle scooped the osteochondral fragment from the medial posterior aspect 
of the patella. The injury in either case was sharpl}’- localized. 

Milgram speculated upon the possibility of a patellar dislocation producing the frac- 
tures which he described, but a clear-cut history of this occurrence was present in but one 
of his cases. Dislocation of the patella was confirmed in Case 2 both by the patient and 
by the referring physician. 

The ability of the intra-articular structures to repair the defect can onl}'- be inferred 
in Case 1, where operation was done a few hours after the injurjL Case 2, however, dem- 
onstrated the filling in of the bed of origin to about half its extent with fibrocartilage, 
which had formed in the five months which elapsed between the time of the original in- 
jury and the arthrotomy. 

These cases bear no relation to the condition of chondromalacia of the patella, which 
is e^ddently a degenerative phenomenon affecting that bone. The experience in both of 
these cases would suggest that roentgenograms taken with the technique utilized for dem- 
onstration of soft-tissue shadows would reveal osteochondral fragments with greater regu- 
larity. 

These cases have both been followed for sufficient periods (five years in Case 1, and 
two years in Case 2) to make it unlikely that there will be any recurrent disability in 
either joint. 
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ACUTE SPONTANEOUS ABSORPTION OF BONE 
Report of a Case Involving a Clavicle and a Scapula 

I 

BY MAJOR HIRA E. BRANCH 
Medical Cotps, Army oj Uic United States 

Acute spontaneous absorption of bone is a rare and very striking disease. It has also 
been called “phantom” bone. 

There have been a few case reports of acute spontaneous absorption of the metatar- 
sals and of phantom metatarsals. Usually the metatarsal bone disappears gradually, leav- 
ing only fibrous tissue in its place. 

In the literature only two reports were found, which in any way resembled the case to 
be reported here. The first was briefly narrated in The Boston M edical and Surgical Jour- 
nal in July 1838, and was later quoted by Costello as “without parallel in the records of 
surgery”. A complete history of this case was subsequently published.^ In this early case 
a definite fracture of the humerus and a refracture occurred before bone absorption began. 
However, there was no fracture or unusual trauma in the case presented here. 

The second case in the literature was one of progressive atrophy of the facial bones 
with complete atrophy of the mandible, reported by Thoma. However, the author felt 
that “the disease no doubt was initiated by dental infection”, whereas in the case pre- 
sented here there was no infection. 

The writer has not seen a report describing this condition in the scapula or the clav- 
icle, although a case was presented some years ago at a meeting of the Clinical Ortho- 
paedic Society in Cleveland, Ohio, at which the writer was present. The patient was a 
young woman with a phantom scapula who had been followed for five years, during which 



Fig. 1 

Well-developed individual. 
Notice depression where outer 
two thirds of clavicle and acro- 
mion process should have been. 
The scar is from a biopsy. 



Fig. 2 


Lateral view show- 
ing depression wliere 
superior border of 
scapula sliould have 
been. 



Fig. 3 

Notice loss of shoulder motion, due 
to absence of acromion process and 
clavicle. 


* The name of the physician who presented the case is not recalled. 
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time the entire scapula had gradually disappeared. Three biopsies had been taken dur- 
ing this time, and the bone had been completely replaced bj* fibrous tissue. All laboratory 
tests had been consistently negative. 

CASE REPORT 

A t\\entv-yeai -old colored soldier enteied the Hospital June 3, 1944 He nas well developed and 
well nounshed, and had no complaints other than inability to raise his left arm aboi e his head He had 
had no si'mptoms until May 1944 when, during the oidinaty duties of rifle drill at a nearby camp, he 
rolled or er on the ground, and his rifle pressed against his left shoulder After this he had noticed 
some pain a’^d di comfort in the left snouldei legion Giadiialh he had become unable to laise 
his left arm abore his head He enteied the Camp Station Hospital on May 18, 1944, i\here roentgeno- 
grams of the chest and left shouldei uere taken A tentatne diagnosis was made of bone tumor, and he 
was transfeiied to the Geneial Hospital on June 3, 1944 By this time his pain had disappeared, and 
he complained onlj- of loss of arm motion (Fig. 3). The patient’s past histoiy and family histoi'j were 
entireh’ negatue 



Fig 4 


Roentgenogram taken May 18, 1944. Note that inner third of left claiicle is 
present, but outer two thirds are gone. Notice fragments of superior border of 
scapula. 



Fig. 5 

Roentgenogram taken June 6, 1944. Note absence of clamcle, acromion process, 
and superior border of scapula The neck of the scapula is disappearing. 
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Fig. 6 


Roentgenogram of left slioiilder, September 11, 1944. Tlierc has been progres- 
sive absorption of clavicle, and upper portion of scapula. 

In place of the left clavicle there was a depression, and mild crepitus was elicited in the upper 
scapular region. Arm motion was limited, but not painful. The head of the right humerus was slightly 
higher than the left. The rest of the examination was entirely negative. 

Roentgenograms were reviewed, and revealed an absence of the outer two thirds of the left clav- 
icle and absence of the superior border of the left scapula, involving the neck of the scapula. 

Blood studies were normal, and the blood Kahn test was negative. 

Red Blood Cells 4,700,000 

Hemoglobin 14.2 grams per 100 cubic centimeters 

White Blood Cells 6,600 

Neutrophils 72 per cent. 

Lymphocytes 28 per cent. 

Blood calcium 9.7 milligrams per 100 cubic centimeters 

Blood phosphorus 3.3 milligrams per 100 cubic centimeters 

Blood phosphatase 3.7 Bodanskj'^ units 

The urinalyses were normal. Roentgenographic studies of all other bones were normal. Pulmonary 
roentgenograms were normal, as were the gastro-intestinal studies. The kidne 3 ’’, urinarj'- tract, and blad- 
der studies were normal. 

The diagnosis was phantom clavicle and scapula. 

Exploration was carried out, and biopsies were taken on June 14, 1944. Grosslj’’, onlj' fibrous tis- 
sue was found where the clavicle should have been, and biopsy specimens under the microscope re- 
vealed only fibrous tissue. Biopsies were taken of the area of loose bone, where the superior border of 
the scapula should have been. Biops}"^ was also taken where the acromion process should have been. 

PATHOLOGICAL REPORT 

“Sections taken through muscle, fat, and connective tissue [Fig. 7] show no evidence of anj^ vascu- 
lar inflammatory or neoplastic disease. 

“Sections through what appeared to be the medulla of the bone showed almost complete absence 
of bone spicules. There are abundant remaining Amscular channels from the medullary portion, and they 
contain red blood cells in scattered areas. Outside of these channels there is a small amount of hema- 
topoietic tissue. There is onb’’ one area showing the presence of fibrosis. There is no evidence of an 
inflammatoiy or neoplastic process in these sections. 

“Sections through actual bone [Fig. 8] show the presence of many well-formed spicules. There are 
definite areas of degeneration in the bone with presence of osteoclasts and localized fibrosis. At the 
junction of bone and cartilage, there is an irregular area of osteoid tissue as well as fibrosis. 

* For this report the author is indebted to Lt. Col. Stuart W. Lippincott, Pathologist. 

THE JOURX.’iL OF BONE AND JOINT SUHGEBV 



ACUTE SPONTANEOUS ABSORPTION OF BONE 


709 



Fig. 7 

Photomicrograph (X 16) of section through area which should have been me- 
dulla of the clavicle. W. S. Army Medical Museum Ncg. No. S940S) 



Fig. S 

Photomicrograph (X 104) of section through actual bone of the scapula at the 
edge of the degeneratne process. ([/. S. Army Medical Museum Xeg. No. S0J,07) 

“The pathological changes in the bone are tho-p of a strictlj- degenerate e character with fibrosis. 
There is no evidence of an mflammatorj- or neoplastic lesion.” 
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PROGRESS 

After a period of six months, absorption of the clavicle, the scapula, and the neck of the scapula 
had progressed. The patient was without symptoms, except for loss of abduction of the arm. Pulmonaiy 
roentgenograms were normal. 
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CLAVICULAR DYSOSTOSIS 
A Case Report 

BY SURGEON LIEUTENANT COMMANDER SELWYN TAYLOR 
Royal Naval Volunteer Reserve 

From a Royal Navy Hospital, Mombasa, East Ajrica 

The clavicle, which is the first bone in the body to ossify, is occasionally the site of 
developmental anomalies; these maldevelopments may be associated with changes in the 
skull, the syndrome of hereditary cleidocranial dysostosis ^ described by Marie and Sain- 
ton in 1897. More rarely the clavicle alone is affected, although the disease may appear in 
one or both clavicles and take the form of underdevelopment of the central part of the 
collar bone, especially of the outer half. 

E. D., a Second Radio Officer T124T, aged eighteen, during a routine examination was noticed to 
have an unduly prominent inner end to his right clavicle, with an apparent loss of bone lateral to the 
clavicle. Inquiry revealed that this anomaly had been present since birth, and that his sister was simi- 
larly affected. There was no other abnormality of development; and, as far as he was aware, the rest of 
his family was quite normal. Inspection revealed a well-developed inner half of the clavicle, which was 
mobile ; the outer half was barelj^ palpable, being short and rotated downward and inward. Roentgeno- 
grams showed the clavicle to be in two parts, the adjacent ends being covered with cortical bone, and 
having smooth, rounded contours (Figs. 1-A and 1-B). This officer suffered no inconvenience from the 
defect; his shoulder girdle was strong and stable, although the condition in the middle of the collar bone 
amounted to a pseudarthrosis. Unfortunately, it was not practicable to obtain roentgenograms of the 
other members of his family. 

An almost identical condition has recently been recorded, affecting the right clavicle 
in a mother and her two daughters.^ 
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Fig. 1-A Fig. 1-B 


The ossification of the clavicle has been the subject of much anatomical discussion.^-® 
Briefly it is preceded by a condensation of connective tissue in the form of a rod, in which 
two centers appear near the mid-point at the sixth week of intra-uterine life. Ossification 
proceeds from these two centers, and presumably it is the failure of these to fuse which 
leads to the dysostosis. A secondary center appears in cartilage at the sternal end about 
the twentieth year ; it is extremely thin and fuses with the body at the age of twenty-five. 
The collar bone thus develops mainly from membranous or precartilaginous centers, and 
it is the association of these anomalies with those of other bones of similar origin, in the 
skull, which has led to the suggestion that these dystrophies are solely membranous. 

Note: The author is indebted to the Medical Director General of the Na^T, Vice-Admiral Sir 
Sheldon Dudley, for permission to publish this case report. 
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CONGENITAL HUMERORADIAL SYNOSTOSIS 


BY H. S. MURPHY, M.D., ROSELLE, NE^Y JERSEY 

AND 

C. G; HANSON, M.D., CRANFORD, NE\Y JERSEY 

Congenital humeroradial synostosis is an extremely rare abnormality, and the writ 
ers feel that the addition of this case to those already described would be of some interesl 
Up to the present time, some twent3'’-four cases have been reported, nearly all of them ii 
the European literature. 

It is apparent that there is an hereditaiy tendency in cases of this kind, since the de 
formity has been reported in several siblings. Frostad reported five cases, all involvini 
both elbow joints; three cases occurred in one family, and two in another family. Hi 
points out wdiat types of wmrk these people could do in spite of the deformity. For ex 
ample, one was a farmer, one a tailor, and another a housemaid. These people had beei 
able to do their work quite satisfactorily, but they were dependent upon others for sev 
eral of their 'personal needs. The author mentions that the patients could not touch tin 
backs of their heads, tie their neckties, button clothing over their chests, or perforn 
other equally difficult motions. Some patients found it awkward to feed themselves. Writ- 
ing was difficult, because the pronated position of the hand caused the volar surface to 
rest on the desk. However, most of these people led useful, active lives, one being sev- 
enty-two years old at the time of Frostad ’s report. 

Frankel reported four children in one family, wdio had congenital humeroradial 
synostosis. He feels that only an hereditary factor could cause this familial and con- 
genital abnormality. He points out that, because of the absence of an hereditary dis- 
position to the deformity in this particular family, a germinal change may have taken 
place .in one of the parents, leading to the production of new characteristics. He sug- 
gests that the new characteristics may have appeared as a result of a “germinal re- 
arrangement”. A person who possesses a rare dominant condition nearly always possesses 
the determining gene in one chromosome onl3L The theory of genetics demands that half 
of such a person’s offspring, provided he is married to a normal person, will have the 
dominant trait. Therefore, Frankel points out that, because of the rarity of the abnormal 
condition, and the absence -of consanguineous marriages in this family, it is unlikely to 
be caused by recessive hereditary factors. It is generall3'’ assumed that if two parents 
are carriers, only one fourth of their offspring will show the recessive trait. 

A case of a farmer, twenty-one years old, whose involvement was in one elbow only, 
was reported by Romanus. 

Acuna and Puglisi feel that the anomaly may be due to endogenous causes. 

The only reported attempt at surgery for this condition was made by Mouchet and 
Saint-Pierre on a boy who had a bilateral deformity. The ank3dosis was sectioned, the 
extremities were shaped to form a joint, and a musculo-aponeurotic flap was inserted to 
prevent another ankylosis. Unfortunately, they do not report the results in this case, and 
attempts to communicate with them recent^' have been unsuccessful. 

CASE REPORT 

Mrs. C. D.. white, aged twenty-four, was admitted to the Rahway Hospital on September 13, 1944, 
at term in lier second pi'egnancy. Slie had one other cliild, a bo.y two and a half years old, living and 
well and showing no deformities. There had been no defoimities in the family for throe generations, 
and no consanguineous marriages. The blood AYassermann was negative, and the blood count was nor- 
mal. The mother had received apparently normal dosages of a multi-vitamin preparation during the 
pregnancy. Her course during the pregnanc 3 ’’ had been ontirelj-^ normal, and her phj'sical condition was 
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Fig 1 

normal On September 14, 1944, she ga\e birth to a female, weighing five pounds It was soon noticed 
that the baby’s elbows were flexed at slightly less than 90 degrees, and all attempts to straighten them 
were unsuccessful Roentgenograms (Fig 1) showed that there was no articulation at all at the elbow; 
the radius and the humerus weie one continuous bone There was also some deformitc of the left clac icle 
The child’s general condition has since been entirelj normal Surgerj to coirect the deformity has been 
considered, but the authors do not feel that it holds much promise 
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CONGENITAL ABSENCE OF THE ODONTOID PROCESS 

A Case Report 


BY CAPTAIN RAYMOND C. SCANNELL 
Medical Corps, Army oj Ihc Vniled Slates 


Congenital absence of the odontoid process from the cervical axis has been reported 
in one case by Roberts and in two cases by Weiler. Absence of the odontoid as an at- 
tachment for ligaments and as a support for the atlas suggests the likelihood of instability 
in the atlanto-axial joint. All of the previously recognized cases came under observation 
because of dislocation of the atlas on the axis. In the author’s case here presented, the 
patient’s first symptoms were in his neck, because of an injury in which the integrity of 
the atlanto-axial joint was involved. 

CASE REPORT 

This patient, a twent.v-three-year-old soldier, suffered sliarp pain in the neck after a twist, sustained 
wliile wrestling on Marcli 10, 1944. Tlie jjain was accompanied generalized weakness, most noticeable 
in the arms. During the half hour following injury, the weakness graduallj' disappeared. 

The patient received his first examination and treatment elsewhere. He reported a roentgenographic 
examination, application of traction for one week, and return to duty after a period of observation. 

With the persistence of ill-defined complaints in the entiie bod 3 % he again came under medical 
observation on Julj' 5, 1944. He failed to improve, and was transferred to a General Hospital, where he 
first came under the writer’s observation. The patient cariied his head stiffl}", and neck motion was lim- 
ited, particularly extension. Plij’^sical findings were otherwise normal, except for a strabismus and a mild 
hyperhidrosis of the feet. Laboratory studies were all within normal limits. Roentgenographic studies, 
including laminagrams, revealed a complete absence of the odontoid process, and abnormal mobility of 
the atlas on the axis in fle.xion and extension. 



Fig. 1-A 

Lateral view of the cervical spine with the 
neck in extension. 



Fig. 1-B 


Lateral idew of the cervical spine with the neck 
m flexion. Comparison with Fig. 1-A demon- 
strates abnormal mobilitj’’ of atlas on axis 
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Fig. 2 

No evidence of the odontoid process is noted 
in an open-mouth anteroposterior view. Some 
displacement of the first cervical vertebra on 
the second is present, and was noted in all 
anteroposterior idews. 



Fig. 3 

Laminagraphic section through level of 
odontoid region. 


Immobilization of the neck failed to relieve the patient’s complaints. While under our observation, 
there was at no time objective evidence of cord damage. The soldier was considered phj’sically unfit 
for further militar 3 ’ sendee, and was, therefore, discharged. He desired no other treatment. 


COMMENT 

From a mechanical standpoint, instability of the atlas on the axis is to be expected 
in congenital absence of the odontoid process. This is borne out bj’’ the occurrence of at- 
lanto-axial dislocation or subluxation in the cases of congenital absence of the odontoid, 
reported in the literature. Consideration of possible absence of the odontoid in diagnosis 
of atlanto-axial dislocation or sublu.xation, and a careful technique, in roentgenographic 
examination of upper cervical injuries, including laminagrams, are suggested. Weiler de- 
scribes a fusion which he used successfully in his first case, and contemplated for his sec- 
ond. 
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AVULSION FRACTURE OF THE ISCHIAL TUBEROSITY 

A Case Report 

BY CPIARLES C. ABBATE, jM.D., LODI, NEW JERSEY 

Avulsion fracture of the ischial tuberosity may occur occasionally in individuals in 
whom the tuberosity has not become firmly united. In 1912, Berry ^ reported a case in 
England in which the fragment was removed surgically, and the condition has occasion- 
ally been reported since that time.-’"*-®'® The patient’s history usually reveals that the 
hamstrings, while taut, were subjected to excessive strain. The direction and the degre( 
of displacement of the ischial tuberosity depends upon the action of the various muscles 
attached to the tuberosity. Thus the hamstrings pull downward, forward, and outward 
the adductor magnus and quadratus femoris forward, outward, and downward; while tin 
sacrotuberous ligament, the primary antagonistic force, resists downward and outwarc 
displacement. 

The following case report illustrates the manner in which fracture is produced: 

The patient, at the age of sixteen, stepped on a stone wliile running a lace, lost his balance, and fell 
Roentgenograms were not made, and he was treated by rest, local heat, and massage. At the time of thf 
accident, walking produced moderately severe pain in the region of the tuberosity, radiating down tht 
hamstrings. This pain subsided after three or four weeks, but the patient found that an3’^ excess of walk- 
ing or running precipitated an episode of pain, so that he had to discontinue his track work. For six yean 
after the original injuiy he had frequent bouts of pain when the related muscles were exerted. Treatmeni 
with heat and rest produced s.vmptomatic improvement. 

At the age of twenty-two, the patient sought treatment for a boring pain in the region of the lefi 
ischial tuberosity and hamstrings, which was aggravated bj'^ rising after prolonged sitting, or by sitting 



Fig. 1 
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after he had been on his feet for any length of time. Roentgenogram (Fig. 1) showed an old avulsion 
fracture of the left ischial tuberosity in which there was considerable callus formation. Because of this 
imion, and because the degree of disabilitj' was slight, conservative therapy was adhered to. Treatment 
consisting of rest, local heat, and the injection of procaine in oil around the callus proved adequate, al- 
though there were several recurrences of pain. The patient is now relatively free from sj’mptoms, and 
occasional pain is treated with heat and rest. 

Operative treatment has been recommended for this condition only if pain and dis- 
ability have persisted. In such cases, the examiner may be able to elicit tenderness over 
the ischial tuberosity, and a poorlj’- defined nodular mass may be felt. It then becomes 
necessaiy to extirpate the bony mass, usualh’^ by the perineal route. 
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UNILATERAL CONGENITAL CALCANEOCUBOID SYNOSTOSIS WITH 
COMPLETE ABSENCE OF A METATARSAL AND TOE 

A Case Report 

BY CAPTAIN LEONARD C. VENERUSO 
Medical Coips, Aimy of the United Stales 

From Station Hospital, Scott Field, Illinois 

Wagoner, Bargellini, and Llahaffey have reported congenital fusion of tlie calcaneo- 
cuboid joint, unassociated with other congenital abnormality of the bones of the foot. 
Holland has reported calcaneocuboid synostosis with fusion of the middle cuneiform to the 
second metatarsal, and of the external cuneiform to the third metatarsal. Illievitz has 
reported unilateral absence of one toe with talonavicular fusion. Talonavicular fusion has 
also been reported by Lapidus and by O’Donoghue and Sell. 

CASE REPORT 

A twent3'-two-3^ear-old Avhite male was seen in the Orthopaedic Clinic of the Station Hospital, Scott 
Field, complaining of pain along the inner border of his right foot, aggravated b3’^ prolonged walking or 
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standing. He attributed this to the fact that he was “born with only four toes on this foot”. There was 
no historj’ of any other member of his family having a similar condition. 

At the time of e.xamination, the patient was wearing a size 8 V 2 -J) shoe on his left foot, and a size 
7-D shoe on his right foot (Government-issue low-quarter shoes). 

The left foot presented no abnormalities. The right foot was somewhat smaller than the left, showed 
a mild pes cavus, and had only four toes. The large toe on this foot was normal in size, but the other 
toes were larger than the corresponding toes of the left foot. Motions of the left foot were of normal 
range. There was slight limitation of inversion and eversion of the right foot, but the other motions 
were normal. 

Roentgenograms were taken of both feet. The left foot showed no abnormalities. The right foot 
(Figs. 1-A and 1-B) revealed the complete absence of one metatarsal and its phalanges, and a fusion of 
the calcaneus and the cuboid bones. No evidence of a joint line between these bones could be found, 
and there was continuitj' of normal bone structure throughout. 
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TRAUMATIC DEGENERATION OF THE MEDIAL HEAD OF THE 
GASTROCNEMIUS SIMULATING A SEMIMEMBRANOSUS BURSA 

A Case Report 

BY HAROLD H. COHEN, M.D., NEW YORK, N. Y. 

From the Beth David Hospital, Neio York 

The following case report is presented, both because of the rarity of the condition and 
the unexpected operative findings. 

D. M., a man thirty-nine years old, while standing on a truck, lost his balance, and fell heavily 
upon the posterior aspect of the extended left knee. He arose unassisted, and continued work despite the 
immediate onset of pain. This accident occurred on May 23, 1944, and the patient did not seek medical 
attention until June 15, applying home remedies during the interval. On June 15 physical therapj^ was 
begun. He was first seen by the writer on Julj" 18, and he complained at that time of pain in the back 

of the left knee, especialb" upon bearing 
weight, and toward the end of a day’s 
work. There was frequent buckling of 
the knee, especially upon rising from 
the seated position. 

The patient’s past history was ir- 
relevant. Physical examination revealed 
a muscular, well nourished, adult male, 
five feet six and a half inches tall, and 
weighing 155 pounds. He walked with a 
slight left-leg limp, with the aid of an 
elastic knee support.' There were mod- 
erate -waricose veins over both legs. The 
anterior aspect of the left knee pre- 
sented normal markings, witli no evi- 
dence of synovial effusion or thickening. 
There was no atrophy of the quadriceps. 
The popliteal space revealed a globular 
swelling, cystic in charactei', measuring 
four by four centimeters, and overlying 
the semimembranosus muscle. This 
“tumor” was most clearly visualized in 
the erect or prone position with the 
knee in complete extension. AVhen the 
knee was flexed, the mass became 
smaller, but was still palpable, and did 
not empty into the knee joint. The 
skin overlying the swelling was freely 
mo^^able, while the mass itself was not 
attached to the underlying tissues. The 
mass was tender to the touch. There 
were no other points of tenderness. Stabilit}’^ of the knee was not impaired, either in the anteroposterior 
or the lateral direction. Motion was only slightly restricted in flexion, while extension was complete. 
There was no palpable enlargement of the inguinal glands. The peripheral circulation of the limb was 
intact, and no bruit was discernible. Roentgenographic examination of the knee joint failed to reveal 
evidence of an osseous lesion. A diagnosis of a semimembranosus bursa was made, and excision was 
advised. 

The patient was again seen on August 23, when essentiallj’- the same findings were noted. Operation 
was again advised, and was finally carried out on October 10. 

OPERATIVE TECHNIQUE 

Through a slightly curved si.x-inch (15-centiraeter) incision oi'er the elastic swelling, the superficial 
and deep fascia were incised. The semimembranosus muscle and the semitendinosus tendon readily came 
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Fig. 1 

Photograph of specimen removed from medial head of 
gastrocnemius. This measured 6 by 3.5 centimeters, was 
graidsh-yellow in color, and rather firm in consistency. 
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into view. On retraction of the semimembranosus, a large globular swelling, about the size of a small 
orange, and involving the medial gastrocnemius, was noted. The neurovascular bundle was pushed later- 
ally, resting over the lateral gastrocnemius. A longitudinal tear was found, extending through the fibre 
tendinous margin of the medial head of the gastrocnemius. Examination of the cystic swelling througl 
this hole revealed soft fibro-fatty material. The roof of the swelling was incised, and after a thinned-ou 
laj'er of the medial head of the gastrocnemius had been spread apart, a considerable quantity of fibro 
fatty tissue welled up from the depths of the belly of the muscle (Fig. 1). There was no definite capsul 
visible. The entire mass was excised, removing as much surrounding muscle fiber as was feasible 
The material shelled out rather easily, and very little bleeding was encountered during its removal 
Closure of the muscle defect was then performed b}' several interrupted plain catgut sutures. The deej 
and superficial fascia were closed in layers with interrupted No. 1 chromic catgut sutures, and the skii 
was closed by means of continuous black silk sutures. A tight compression bandage was applied. Tin 
postoperative course was uneventful. The patient made a complete functional recovery. 


PATHOLOGICAL REPORT 

The specimen consisted of an irregular mass of tissue, measuring 6 centimeters in length and 3.1 
centimeters in width. The surface was grajdsh-yellow in color. The mass was rather firm in consistency 
In the section, 5 fellowish fat globules were visible. The intervening tissue consisted of grayish-pink firn 
strands. Some of the peripheral areas showed small grayish-pink fibers which grossly resembled musch 
(Fig. 1). 

The microscopic section revealed striated muscle tissue, in which degeneration and atrophy hac 
taken place, with extensive fattj' replacement. There was no evidence of malignant degeneration o: 
infection (Figs. 2 and 3). 

COMMENT 

Although the pathogenesis is not clear, the influence of trauma cannot be denied. 11 
would seem that the sudden application of the patient’s body weight upon the extendec 
knee caused a deep rupture within the muscle belly of the medial head of the gastrocnemius 
with secondary degeneration and fatty-tissue replacement. However, the absence of mi- 
croscopic hemorrhages or hemosiderin would appear to vitiate this view. It seems more 
likely that nerve or vascular damage resulted in infarction with fibrillar degeneration and 
fatty-tissue replacement. That the lesion is not a lipoma is clearly seen in the microscopic 
studies (sections taken from the center of the specimen) , which reveal fatty tissue, and 
degeneration and atrophy of muscle fibers throughout. Infection and malignant degenera- 
tion were also ruled out by the operative and pathological findings. It is also interesting 
to note the absence of calcification within the fatty degenerated muscle, despite the fact 
that operation was delayed for five months after the initial trauma, and good soil for 
deposition of calcium was present. Apparently this case does not fall into the group desig- 
nated as myositis ossificans circumscripta. 


CORRECTION 

Dr. Raphael R. Goldenberg, of Paterson, New Jersejq has requested that acknowledgment be made 
that he was in error in including the reference to Watson-Jones in his article, “Closed Manipulation for 
the Reduction of Fractures of the Neck of the Radius in Children”, published in The Journal for April 
1945 (XXVII, 267). The opening sentence of his article reads: “In the treatment of fractures of the neck 
of the radius in children, where the displacement is marked, many authorities [reference numbers] believe 
that onlj’ two methods are likely to give satisfactorv results, — either excision of the capital fragment or 
open reduction.” Sir Reginald "Watson-Jones should not have been included as one of these authorities. 
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INSTRUMENT FOR ACCURATE MEASUREMENT OF BONE SCREWS 


, , BY MAJOR JOHN J. FBANAGAN 

Medical Corps, Army of the United Stales 

In measuring bone depth some time is spent, and occasionally difficulty is experienced, 
in determining the accurate depth for the insertion of bone screws of proper length. This 
is true both in the use of bone grafts and of plates employing screws for fixation. While, 
to assure good fixation, it is necessary to engage the deep cortex, as well as the proximal, 
penetration of the neighboring soft tissues by the screw tips is undesirable. 



Fig. 1 

Instrument open. 



Fig. 2-A 

Instrument in use, front view. 



The measuring instrument ^ pictured consists of a sliding rod with terminal hook, 
which is passed through the drill hole, and engages the deep cortex. The caliber of the 
sliding rod and hook is less than that of the standard di’ill hole. The depth is accurately 
revealed in fractions of an inch on a calibrated scale on the face of the instrument, bj' 
means of a marker connected with the proximal end of the sliding rod. 

The drawings reveal the instrument in use. It is small and compact, and fits readily 
into small or deep wounds. It obviates the risk of undermining the soft tissues be5'ond the 
deep cortex, while determining accurate depth. 

* Designed in the Orthopaedic Instrument and Brace Shop of the Kennedy General Hospital. 
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A CAST-CALIPER BRACE EOR IMMOBILIZATION OF THE HIP 


HY MAJOR GEORGE S. PHALEN 
Medical Corps, Army oj the United States 

In the treatment of AVar casualties at an Army General Hospital, we have been im- 
pressed with the relative frequency of compound fractures involving the acetabulum and 
the head and the neck of the femur. Many of these fractures are complicated by the de- 
velopment of suppurative arthritis of the hip joint, as well as by chronic osteomyelitis of 
the acetabulum and the femur. Despite the use of penicillin and the sulfonamides, com- 
bined with adequate surgical care, drainage sometimes continues for many months. Cul- 
tures of the wounds in these patients usually reveal a penicillin-resistant organism of the 
Proteus group; and in many cases pure cultures of these organisms are obtained. 

AA^hen the hip joint is involved in a suppurative process, it is necessary to immobilize 
the joint in order to eliminate pain and prevent the development of deformities. This is 
best accomplished, of course, by a hip-spica cast; but the encasement of a lower extrem- 
ity in a plaster cast for a period of several months is certain to result in varying degrees 
of fibrous ankylosis of the knee and ankle, even though these joints may not have been 
traumatized at the time the hip was injured. It is the mobilization of these joints, after 
removal of the cast, that unduly prolongs the patient’s period of disability. 

Caliper braces with pelvic bands or body corsets, which are used to immobilize the 
hip, are expensive to build, uncomfortable to wear both day and night, and do not readily 



Fig. 1-A Fig. 1-B Fig. 1-C 


Fig. 1-A; A soldier patient, wearing the cast-caliper brace to immobilize the left hip. He sus- 
tained a compound fracture through the acetabulum and head of the femur, when wounded in 
action by a machine-gun bullet. A chronic suppurative osteomyelitis developed, which necessitated 
jirolonged immobilization of the hip joint. 

Fig. 1-B and Fig. 1-C: Front and side views of the .same patient, bearing his weight on the left 
leg with shoe removed from the caliper attachment. When the short spica cast is snuglj' applied, 
the cast-caliper brace serves adequately as a non-weight-bearing brace. 

724 THE JOURNAL OF BONE AND JOINT SURGERY 





CAST-CALIPER BRACE FOR IMMOBILIZATION' OF HIP 


725 



Fig. 2 


Front and side Mews of the metal inserts emplo3’ed to attach the caliper portion of the brace 
to the short spica east These insert bars measuie appro\imatel5' fi\e inches in length. 

permit dressing or irrigation of the wounds about the hip. The disadvantages of these 
braces have been overcome by the use of a single short hip-spica cast, into which is in- 
corporated a long-leg-caliper attachment (Fig. 1-A). 

A short, snugly fitting hip spica is applied, which includes the lower thorax, and ex- 
tends to the knee. It is essential to non-weight-bearing that the cast be molded accu- 
rately about the pelvis and the ilia, firmly below the crests. Two metal inserts are incor- 
porated in the leg portion of the cast. These inserts (Fig. 2) are fitted with three bolts, 
spaced five-eighths of an inch apart, to which the caliper brace is fastened. By means 
of these inserts, it is possible to adjust the length of the caliper attachment. This caliper 
attachment is fitted with hinges at the knee, with a stop to prevent extension beyond 180 
degrees, and with drop-lock keepers, to hold the joint in complete extension, when the 
patient is ambulatorjL 



Fic 3 


Diagram of the insert bars to winch the cahpei poition of the brace 1= attached. 

The caliper attachment is fitted into a tube in the heel of the shoe. Although the 
shoe may be readily removed, it is necessarj" to wear it both day and night, to prevent 
rotation of the leg. On occasion, the shoe may be left off at night, and the lower leg bound 
snugly against the caliper uprights with elastic bandages, in order to prevent external ro- 
tation of the lower extremity. 

A window may be cut in the spica cast to permit dailj-^ dressing or irrigation of drain- 
ing sinuses about the hip joint. If care is taken to prevent soiling of the cast by the 
drainage, such a cast may be left on a patient for at least twelve weeks; and then, if 
necessary, another similar cast may be applied, and the same long-leg-caliper attachment 
inserted into it. 

This cast-caliper brace may serve adequately as a non-weight-bearing splint, by ad- 
justing the length of the caliper attachment. The weight thrust upon the invoh-ed lower 
extremity is transmitted by the caliper uprights onto the short spica cast, which encases 
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the entire pelvis. The cast-caliper brace thus serves the function of a Thomas ring 
(ischial weight-bearing) splint, but has the additional advantage of. providing immobili- 
zation of the hip joint. Patients find that the spica cast is considerably more, comfortable 
for weight-bearing than the ring of an ischial weight-bearing splint. i 

After the short spica cast has, been applied, and the two metal inserts have been in- 
corporated in the cast, a non-rotary, right-angle foot splint may be applied to prevent 
rotation of the lower extremity, until the caliper attachment has been made. If flexion 
deformity of the knee is present, it must be corrected before the caliper attachment is 
applied. 

Physical therapy is started as soon as the spica cast has been applied ; these treat- 
ments consist of heat, massage, gentle forcing of the knee and ankle, and active and pas- 
sive exercises involving the muscles which move the knee, ankle, and foot. The caliper 
attachment may even be removed daily, if desired, prior to the treatment, provided the 
necessary care is taken to prevent rotation of the lower leg. 

CONSTRUCTION OF BRACE 

Two bars are cut from five-eighth-inch by three-sixteenth-inch strips of flat surgical 
steel for each side upright. These are hinged together by a lap hinge with a stop to pre- 
vent extension beyond 180 degrees, and with drop-lock keepers, made of one-eighth-inch 
by three-quarter-inch strap steel. This knee hinge is placed just distal to the center of 
the knee, with the patient lying down. Five holes, seven thirty-seconds of an inch in 
diameter and five-eighths of an inch apart, are drilled into the portion of each upright 
above the knee hinge, starting one inch from the top. The upright bars are bent cold to 
conform to the contour of the leg. The lower end of each upright is drilled, and a section 
of quarter-inch rod is welded into these holes to fit into the tube in the heel of the shoe. 
A piece of three-eighth-inch, cold rolled steel rod is cut to proper length, welded to a piece 
of flat metal, and secured to the heel of the shoe. The rod is set at such an angle in the 
shoe that the degree of abduction or adduction of the foot will be the same as of the oppo- 
site foot. The ends of this rod are drilled out with a quarter-inch drill to permit insertion 
of the lower ends of the uprights. 

The cuff or corset is made of calfskin, lined with horsehide; there are two elkhide 
straps with nickel buckles. The cuff is cut one and one-quarter inches larger than the cir- 
cumference of the calf in order to give an overlapping tongue. A metal band, molded to 
fit the calf, is welded to the uprights back of the leather corset; the corset is riveted to the 
uprights. 

Low-quarter shoes (oxfords) are usually employed. Occasionally it may be necessary 
to remove the heel counter to prevent skin irritation over a hypersensitive or an anaes- 
thetic' heel. In cases of foot-drop, a spring-toe attachment may be applied to the caliper 
brace. 

Note: Credit is due Mr. Donald Salmon, Chief Orthopaedic Mechanic at O’Reilly General Hospital, 
for his assistance in the planning and building of this cast-caliper brace. 
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News Notes 

THE AIMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS 

The Thirteenth Annual Convention of The American Academy of Orthopaedic Surgeons will be held 
at the Palmer House, Chicago, Januarj’ 20 to 23, 1946. 

The Instructional Course Program, starting Saturdaj' morning. Januarj' 19, will be similar to that 
planned for the 1945 Meeting (See The Journal, XXVI, 842, 843, October 1944). Motion pictures will be 
presented Saturdaj’ afternoon, and the Instructional Section Dinner, with an interesting program follow- 
ing. will be held Saturdaj' evening. 


POSTGRADUATE TRAINING IN ORTHOPAEDIC SURGERY 

A joint committee of The American Orthopaedic Association and The American Academj' of Or- 
thopaedic Surgeons was organized in December 1944, to study the problem of postgraduate training in 
orthopaedic surgery, and particularlj' the problem of postwar training for the men in the military serv- 
ices who will, upon completion of their service, need some additional training in order to complete their 
requirements for certification bj' The American Board of Orthopaedic Surgerj'. The formation of this 
Committee was the outgrowth of numerous discussions among members of the Committee on Post- 
graduate Training in Orthopaedic Surged' of The American Academy of Orthopaedic Surgeons, mem- 
bers of the Executive Committees of each of the two societies named above, and members of The 
American Board of Orthopaedic Surgerj’. Doctor Guj- Caldwell, Secretarj’ of The Board, had on numer- 
ous occasions pointed out the importance of further developments in the training of men wishing to 
specialize in orthopaedic surgery. 

The training of an orthopaedic surgeon should be along three definite lines: adult orthopaedic 
surgery, orthopaedic surgery for children, and the surgery of trauma, particularlj' fractures. It has seemed 
to the Committee that its main purpose is to encourage the development of centers to cover these three 
types of training. It was obvious that no adequate survey of the facilities in the country was available. 
With the aid of men named to report on various sections of the country, the survej’ has been completed. 

The survej' shows several things of importance; First, manj- services which have been important 
training centers for orthopaedic surgeons are at present not able to train men. Others cannot train as 
many men as thej' were able to before the War. The reasons for this are obvious. Many of the visiting 
men are in the Service, and, due to the quotas of Procurement and Assignment, the number of resi- 
dencies in most institutions has been curtailed. Second, there have been several institutions which have 
applied to the Council on Medical Education and Hospitals of the American Medical Association for 
certification as centers for training in orthopaedic surgerj'. The Council is covering them as rapidlj' as 
possible, and the result of the survej' will add a number of institutions to the accredited list. Third, 
there are a good many places where the material for proper training of orthopaedic surgeons exists, 
and the men who can conduct such training are available, but for one reason or another the establish- 
ment of accredited services has never been carried out. 

This Committee feels that its first effort should be directed toward encouraging the organization and 
certification of services all over the countiy, where the facilities seem adequate and the men in charge 
are capable of training orthopaedic surgeons. It is the intention of the Committee to cooperate as 
closely as possible with the Council on Medical Education and Hospitals of the American Medical As- 
sociation in order to bring about the certification of such services as seem adequate. It is not the pur- 
pose of the Committee, nor has it any authorization, to certifj' services for orthopaedic training. 

In manj' instances, men returning from the Armed Services to civil life will want additional train- 
ing of a special tj'pe. It is the hope of the Committee that arrangements can be made to satisfy the 
needs of each and every man as he comes back to civil life, so far as this tj’pe of training can be ob- 
tained. 

Manj' of the readers of The Journal have been approached through this Committee or those aiding 
m this survej". Many will be in correspondence with the Committee about future plans. A widespread 
interest in the program has been shown. It is hoped that everj-one concerned will feel it his dutj' to 
put forth the utmost effort to make this program a success. 

The Committee is composed of the following members: Philip D. Wilson. M.D., James S. Speed, 
Fremont A. Chandler, MD., Paul C. Colonna, MD., Guj" W. Leadbetter. MD., and Ralph K. 
Ghormlej’, MD., Chairman. 

VOL. xxvn, NO. 4, OCTOBER 1945 727 



728 


NEWS NOTES 


THE INTER-AMERICAN ORTHOPAEDIC FELLOWSHIP PROGRAM 

The Inter-American Ortliopaedic Fellowship Program, directed by the committee of orthopaedic 
surgeons appointed from The American Academy of Orthopaedic Surgeons and The American Ortho- 
paedic Association, has been functioning for more than a year and a half. The financial support of the 
program comes from the W. K. Kellogg Foundation, and the Foundation confers with the Directing 
Committee on all matters of policy. 

The Institute of International Education, New York, whose staff have had long experience in deal- 
ing with foreign students, both in this country and through its Committees on Selection in other coun- 
tries, handles most of the foreign -correspondence, and also that with the Department of State in Wash- 
ington. This relieves the Directing Committee of the many details connected with travel, border regu- 
lations, temporaiy residence in the United States, health insurance, cl cetera. 

The purposes of the plan, previously outlined in a .simple brochure of information on The Inter- 
American Orthopaedic Fellowship Program, are as follows; 

1. To increase inter-American understanding and to .stimulate cultural exchange among the Ameri- 
can Republics. 

2. To stimulate progress in orthopaedic surgerj' in the Western Hemisphere, and to serve as a 
medium for the exchange of knowledge and acquaintanceships in this field among the American Re- 
publics. 

3. To provide better preparation for orthopaedic surgeons in the American Republics. 

Up to the present time, fifteen Latin-American students have come to the United States to take 
advantage of the fellow.ships. One student has finished a well-rounded period of orthopaedic training and 
returned to his home in Brazil. The Republics now represented in this country by fellowship men in- 
clude the following: Mexico, Brazil, Argentina, Peru, Ecuador, Uruguay, Paraguay, Haiti, Nicaragua, 
Costa Rica, and Chile. Periodic reports received from these students indicate that they are highly 
pleased with their opportunities and experiences to date. 

Manj'^ training centers in the United States have evidenced a willingness to participate in this pro- 
gram. Foreign fellowship men are now, or have been, in training at the following centers: Hospital for 
Special Surgery, New York City; Children’s Hospital. Boston; Lahey Clinic, Boston; Johns Hopkins 
University, Baltimore; University of Pennsylvania, Philadelphia; Hospital for Joint Diseases, New 
York City; Universitj' of Chicago, Chicago; University of Wisconsin, Madison; University of Iowa, 
Iowa City; Tulane University, New Orleans; University of Cincinnati, Cincinnati; Willis C. Camp- 
bell Clinic, Memphis; Children’s Hospital School, Los Angeles; Shriners’ Hospital for Crippled Chil- 
dren, Greenville, South Carolina; Charlotte Memorial Hospital, Charlotte, North Carolina; and North 
Carolina Orthopaedic Hospital, Gastonia. 

The first group of students placed in training under this plan came to us on short notice, but it is 
anticipated that the future policy will be to have a candidate selected, if possible, a 3 mar in advance of 
placement, and the center of training determined before the student leaves home. This program may 
also be affected by the demand on teaching centers for the further education of men, soon to be re- 
leased from military service, who desire special orthopaedic training. 

The Committee on Inter-American Fellowships in Orthopaedic Surgeiy, in conjunction with the 
W. K. Kellogg Foundation and cooperating agencies, desires to function as best it can under existing 
conditions in meeting some of the demands now being made for fellowships in this country — demands 
which will undoubtedlj'- be greatb' increased in the future — for special educational opportunities in the 
United States. 

The Committee on Inter-American Fellowships is composed of: Dr. George E. Bennett, Dr. Guy 
IV. Leadbetter, Dr. Samuel Kleinberg, Dr. Guy A. Caldwell, and Di'. O. L. Miller, Chairman. 


THE BRITISH ORTHOPAEDIC ASSOCIATION 

The Spring Meeting of The British Orthopaedic Association was held at Horton Hospital, Epsom, 
and at Hill End Hospital, St. Albans, on June 1 and 2, respectively, under the presidency of Mr. St. 

J. D. Buxton. A valuable part of the meeting was devoted to a consideration of the subjects: “Bone 
and Soft-Tissue Deficienc.v in the Limbs”, “Penicillin”, and “Vascular Lesions”. 

Wing-Commander I. Lawson Dick, Rojml Air Force, in “Preliminary Observations on the Use of 
Cancellous-Bone Transplants”, gave an admirable historical surve}’’ of the knowledge of osteogenesis 
in relation to bone-grafting since the time of John Belchier in 1736. He said that the generally accepted 
view now is that the viabilit.v and osteogenetic properties of transplanted bone depend upon the facil- 
itj' with which it can be revascularized. Osteogenesis and viability were long delajmd in the depths of 
massive cortical grafts and most roadil.v en.surcd in cancellous bone. If the mechanical stability of 
cortical grafts can be maintained b}' other means, healing and consolidation will be hastened by the 
superior osteogenetic properties of cancellous bone. A disadvantage of removing grafts from the tibia ( 
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is the not uncommon occurrence of fatigue fractures m the donoi bone. The most rapid and surest 
method of bone transplantation has been with the use of cancellous chips from the ihum. 

Mr. S L Higgs dealt with “The Use of Cancellous Chips m Bone-Graft Surgerj-”, as a result of 
his obsenation of the work of Mowlem in plastic reconstruction of the jaw. He gaie a review of sev- 
entj -one cases of bone-grafting, sixty for non-union of the long bones. In twent3% cortical grafts alone 
Here used ; in fort5’, cortical bone plus cancellous bone cliips were used. AU had resulted in bon5’ umoU, 
but Hitli cortical grafts alone union had taken at least tuice as long as where both tjpes of graft were 
emploi'ed An exception was the femur, where the aierage time for healing with cortical grafts alone 
had been 50 per cent longer In the operatiie procedure it was essential, if cancellous chips were to 
do their uork nell and quickly, that rigid fixation be applied To maintain this, Hitli length and align- 
ment, was the reason for combining a cortical graft with the chips The methods used for vanous long 
bones h ere descnbed, and the speaker emphasized that there need be no hesitation m excismg all scle- 
ro=ed bone from the site of non-union , similarlj’, all fibrous tissue could be remoi ed to facilitate vas- 
cularization Any associated skin defects must first be adequate^' treated by plastic methods 

Mr I\ or Robertson described the “Treatment of Chronic Infectii e Osteitis”, the essentials of 
hIiicIi include a careful but extensive excision of all infected bone and scar tissue and the replacement 
o' tissue lo'S by bone, muscle flaps, and full-thickne-s skin grafts Obnously, such treatment requires 
careful selection, and the cases descnbed had been of chronic hematogenous osteitis, hmited in area and 
surgicalh accessible, and cases of chronic osteitis resulting from compound fractures or from war wounds. 
The treatment was earned out m three, stages, with controlled pemcilhn therapy, and compnsed the fol- 
low mg procedures first, excision of the bone and soft-tissue defects and then coienng with Thiersch’s 
graft, second, a month later, closure, after this graft had been remoied and a fuU-thickness skin graft 
substituted, third, at least two months later, bone-giaftmg Where an unumted fracture is present, this 
imohes both cortical and cancellous chips In cases of chronic hematogenous osteitis, the second and 
third stages may be combmed, and iliac cancellous chips alone are packed into the dead space between 
the walls of the caiitx and skin flap To ensure an adequate blood supply, a muscle flap is swung oxer 
them and sutured to the penosteum 

Mr Rainsford Mowlem discus-ed “The Problem of Soft-Tissue Defects m the Limbs”. He empha- 
sized the need for continuous care of all elements of damage (skeletal, lascular, neuromuscular, and 
to the skin coienng) m all mjunes No element should be ignored, but from eieiy pomt of view a 
hmb, otherwise intact, is useless without its skin coienng Indeed, fibrosis secondaiy to infection and 
exposure will exert an influence upon underljnng muscles and joints, which will prex ent adequate treat- 
ment for these deeper parts and greatlj’ increase the disorganization of the limb as a whole The use of 
free grafts and pedicles, or flaps, was discussed In the former, spht grafts can be apphed at any time 
when there is a good lascular surface usuallj as soon as possible For adhesion, maintained pressure is 
preferable to glue It the bed is aiascular, it must be excised. Infection is not a contra-mdication to 
giaftmg, so long as it is controlled bj' suitable chemotherapy. Bacillus pyocyaneus, Proteus, or Bacillus 
coli infection presents a special problem, but ex en here successful graftmg is not impossible Exudation 
IS a difficulty, but its mechamcal effects can be mimmized bj* using stnp grafts or postage-stamp-Shaped 
grafts After a month, all grafts tend to become dr3' and to contract; massage with grease will help. 
Below-the-knee grafted areas reqmre prolonged pressure bandaging to reduce the ill effects of oedema 
In weight-beanng surfaces, keratosis maj' be aided bj' the use of the sulfh3drj'l radical Usualh', how- 
ex er, split grafts should be onty a preliminaiy^ to whole-thickne=s grafts The splmtage necessaiy' to pre- 
xent contracture m grafts on flexor surfaces was discussed The design, formation, and methods of 
transplanting whole-thickness grafts were discussed, particular^' the possibilities of flap grafts m the 
primaiy treatment of certam t3'pes of injuiy, noticeabl3 m the hand The sites most smtable for par- 
ticular flap and tube grafts elsexvhere, and m secondar3' treatment, were also discussed 

“The Future of Penicillin Treatment” was discussed b3' Profes-or L P Garrod, who at the outset 
contrasted penicillin therap3' for bone and soft-tisme lesions, results m the latter can almo-t be guar- 
anteed, but the stoiy is x eiy different in the former In the future, more hberal and purer supplies of 
pemcilhn should be ax ailable With greater punfication, three tx-pes of drug are being isolated, the u=e 
of which ma3’ be specialized according to the t3'pe of infection Improxed methods of parenteral ad- 
ministration now gix'e greater comfort to the patient and greater conxenience to the surgeon One of 
the difficulties of the drug is the rapid dissipation of its effect, and this problem is being mx e-tigated 
b3 Umted States workers with the dexelopment of suspensions in oil. which are more slowlx ab~orbed 
British econom3’ has necessitated the local administration of pemcilhn and there i' much to be said for 
the good effects when thus used Adequate concentration can be achiexed where mo-t needed Econ- 
omx in the use of the drug hitherto has resulted in the discox erx' that the effect of penicillin does not 
depend on its concentration The full action of the drug i- obtained in loxx strengths, one gams noth- 
ing b3' increasing it, and, m fact, sometimes the rex er-e effect i- produced The u-e of penicillin com- 
bined with sulfonamides is still under discussion Profe—or Garrod’s oxxTi work though not conclu'ixe 
suggests that the sulfonamides interfere xnth the effect of pemciUm on rapidlv multiplxing orgam-m- 

Dr G r Kalm3 kox , Umon of Soxnet Socialist Republic- di-cu— ed the question of ‘ End-Beannc 
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Amputation Stumps in tho Lower Extremity”. In the reconstructive surgery of the postwar era, an im 
portant field will concern itself with re-amputation, since the practice of emergency primary amputatioi 
behind the battlefield leaves definitive amputation to a later date. The extent of this policy varies ii 
different nations. In Soviet Russia, not loss than 80 per cent, of re-amputations are required. At oni 
large center in the United States, the speaker found 78 per cent, of re-amputations required. In Brit 
ish hospitals not more than 25 per cent, are required, which is explained by the more frequent fla] 
amputation instead of the guillotine type. Wherever possible, Soviet surgeons seek to create an end 
bearing stump by me.ans of an osteoplastic operation. Thus they follow the work of Pirogoff, whosi 
well-known operation in tho lower leg is being done in Russia today. Other methods practised are thosi 
of Bier in below-the-knee amputations, and the Gritti-Stokes’ operation for above the knee. After sucl 
operations, it is very important to prepare the stump properly for end bearing. By end bearing, bette: 
distribution of weight within the prosthesis is achieved, with consequent improvement in gait and ir 
confidence. Dr. Kalmykov, realizing British conservatism in this matter of end-bearing stumps, made 
a plea for further work in this sphere. 

Dr. M. N. Polonskjq Union of Soviet Socialist Republics, gave a detailed description of a “Nev 
Type of Prosthesis in Amputations Through or Near the Hip-Joint”, which ho thought solved the well- 
known difficulties of limb-fitting in this region. The advantages claimed were the relative lightness 
gi eater comfort in walking and sitting, and greater economy in manufacturing costs and time. A norma 
type of above-the-knee prosthesis was employed, fixed to the usual type of pelvic band, from the froni 
of which a broad leather sling passed continuously downward into the front of the prosthesis, over a 
transversely-placed wooden roller, and out through the back of the limb. It was then attached to the 
back of the pelvic band, where its tension could be adjusted b3'^ lacing. The top of the appliance held 
a slightly hollowed, springy platform with soft felt lining, upon which the soft parts of the hip gained 
a shock-absorbing support in walking. 

Dr. E. J. Crisp read a paper on the subject of interverlebral-disc lesions, with special reference to 
early diagnosis and treatment. The lumbar discs suffer trauma more frequently than is generally ap- 
preciated, but, in the absence of crural pain or roentgenographic changes, the resulting lesion is fre- 
quently mistaken for sacro-iliac strain or fibrositis. The condition ma.v be easilj' recognized bj" the ex- 
treme and persistent lumbar spasm at first associated with an increase in the lumbar concavit3’^ ; later, 
scoliosis to the side of the lesion and lumbar k3’^phosis develop with sciatic pain. The lordosis occurs 
when rupture of the annulus fibrosus is incomplete, and the k3'phosis when it has complete^’' ruptured. 
Conservative treatment was advised along such well-recognized lines as the use of the plaster jacket. 
The essence of Dr. Crisp’s views was that persistent lumbar spasm and a “tight” lumbar spine, in a: 
otherwise health3’’ patient, indicates trauma to a disc and should be dealt with before the onset o 
sciatica. 

Mr. J. E. O'Connell dealt with the "Diagnosis of Lumbar Intervertebral-Disc Protrusions”, basei 
upon a postoperative study of 240 patients. Of these explorations, 227 had given positive evidence o 
intraspinal protrusions. B3’^ careful analysis of the clinical picture, it was possible to localize accurate!; 
the site of stretching of the intraspinal nerve root, which affected the extradural portion of the nerv 
root leaving the spinal canal -at the intervertebral foramen next below the disc affected. In his series 
thirty-nine cases had been studied before operation by myelography, with six negative explorations (I 
per cent.). In 201 cases explored without myelography, there had been only seven negative operation 
( 3.5 per cent.). While a variet3'^ of conditions can occ.asionalb’^ produce a picture similar to that of i 
lumbar-disc protrusion, there are only three which do so at all frequently. These are an intraspina 
tumor, a metastatic tumor in the lumbar vertebrae, and spondylolisthesis. Clinical examination wil 
help in the differentiation, but certain accessory methods ma3' be necessao'- Concerning operative treat 
ment, the speaker emphasized the need for adequate excision of the disc. With proper selection, tin 
results in the majority of cases are excellent. Backache ma3’' be frequent, but is rareb^ incapacitating 
There have been a few recurrences, most frequently in the opposite leg. 

Professor J. Paterson Ross read a paper, dealing with a series of examples of “Ischaemic Phenomenc 
Following Vascular Injuries” in the lower extremity. He drew attention to the relation of the origin oi 
the sural arteries, supplying the gastrocnemius muscles, to a region of special vulnerabilit3' in the poplitea. 
artery. If these and all the terminal branches of that artery were blocked, the leg would probably bf 
useless and S3'^mpathectomy would not improve it; pain might necessitate amputation. Where the sural 
arteries had been blocked, but the collateral circulation preserved, pain in the upper calf was trouble- 
some after walking 300 3^ards. This was relieved by s3TOpathectomy. If the popliteal artery had been 
damaged below the sural vessels, pain was found only in the lower calf and was not appreciably affected 
b3r s3"mpathectom3^ Block high up in the popliteal arteiy or femoral arter3’- gives a good leg which can 
often be improved b3' s3"mpathectomy, because the vessels to the calf, even if small, are still open. The 
poplite.al arteiy is imlnerable to direct injur3>- from bone and is liable to “spontaneous” thrombosis, which 
ma3' be related to less direct trauma and to thrombosis resulting from degenerative changes. In none of 
the cases described did gangrene occur; but in cases in which the popliteal vein or femoral vein had to 
be tied, venous congestion was troublesome, and became worse after sympathectomy. In an arteriovenous 
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fistula, if the main arterj- was ligated, a good collateral arterial circulation developed bul, without co- 
incident ligation of the vein, excessive venous drainage rendered the circulation of the peripherj- precari- 
ous. In one case of external iliac-arterj- ligation in which the arteriovenous fistula had not been recognized, 
and also in two cases of wounds of the femoral arterx' and in two wounds of the popliteal artery, immedi- 
ate paralysis of the common peroneal neiwe occurred, suggesting an important additional segmental 
supply from the popliteal artery. 

Major D. Lloj-d Griffiths, Eoyal Armj’ Medical Corps, remarked on the large number of cases of 
vascular injury to the larger vessels, which he had seen in two j’ears at a varietj' of centers. He attrib- 
uted this to the effect. of chemotherapy in sardng a gi'eat many limbs which formerly would have been 
amputated. In the past, and even now, the ligature of main arteries had been carried out too light- 
heartedly. His opinion was that a very large proportion, even at reputedly safe sites, had been followed 
by vicious effects in the periphery, — such as intermittent claudication, incorrigible anaesthesia, and gan- 
grene of the digits. He pleaded for the greater practice of lateral suture of arterial woimds and the 
avoidance of ligature. 

Mr. James Patrick discussed the diagnosis and treatment of seventeen cases of “Fracture of the 
Medial Epicondyle Displaced into the Elbow Joint”. Roentgenographic diagnosis max' appear difficult, 
because the patient is unable to extend the elbow in order to afford a good anteroposterior xdew. H the 
medial epicondyle can be seen in the lateral view through the joint line, it can be regarded on this xdew 
alone as being incarcerated in the joint. After reduction of the incarcerated fragment, and in all simple 
fractures of the medial epicond 3 de, the fragment lies abox-e the lex'el of the joint line and so ceases to 
be x-isible in the lateral xdew. In earlx' cases, reduction can be done easilj' b 3 ' anaesthetizing the patient, 
gentb’ abducting the forearm on the humerus, and appbdng faradism to the flexor muscles. Fractures not 
detected for five or six weeks after injurx- should be treated conservativelx*. In such cases, the epicond 3 de 
eventualh' dex-elops a bon 3 ' fusion to the ulna. Anterior transposition of the ulnar nerve is probabU' 
unnecessary'. 

Mr. C. Price Thomas discussed “Scoliosis in Relation to Thoracic Disease”. This type of scoliosis 
follows most commonly' upon conditions inx'olx-ing the pleura. — such as chronic empy'ema and imper- 
fectly' treated hemothorax. Pulmonary' fibrosis and atelectasis also give rise to the deformity', but do so 
only' when the mediastinum is fixed. The underlying cause is either a concentric pull on the chest wall 
toward the lung root, or an abnormal intrathoracic negative pressure, or both. There is a striking 
difference in the chest deformity' from that found in primary' scoliosis; the intercostal spaces are much 
more contracted, the cun'ature of the rib angles is increased, and the anterior part of the chest is flattened 
on the concave side of the scoliosis, the reverse, of course, to that found in primary' scoliosis. The im- 
pression was also gained that x'ertebral rotation is less marked in thoracic scoliosis. Mr. Thomas illus- 
trated the types of remedial exercises used, not only in the prevention of the deformity', but also in the 
course of treating the causal disease and in the after-care of thoracic operations. In some instances, a 
certain degree of scoliosis was inemtable, because the muscles had lost the rib attachments upon which 
so much spinal stability' depends, but ex'en this condition could be mitigated by' remedial exercises. 

Mr. A. D. le Vay', in a paper upon “Costoclax-icular Compression of the Brachial Plexus”, discussed 
the importance of this factor in the explanation of certain neurological and x'ascular disturbances in the 
upper extremity'. The conclusions were based upon one case and the recent literature. The patient under 
discussion had, a y'ear prex'iously', been treated for sy'mptoms of the “scalenus syndrome” (without 
cerx'ical rib) by the scalenus anterior tenotomy', xvith consequent aggravation of symptoms. The patient 
xvas then operated upon by' Mr. le Vay' under local anaesthesia, and it was found that the subclax'ian 
artery and brachial plexus were x-ery superficial'and were bound to the back of the clax-icle by' dense 
inflammatory' fibrous tissue. The artery was small and transversely groox'ed, as if just released from a 
clamp. 'When the shoulders were braced back, these structures were firmly' squeezed between the clax'icle 
and rib; a portion of the latter was excised so that artery' and plexus sank back against the pleura. Tins 
operation was quickly' followed by almost complete recox'etx'. 

Dr. Phillippe Bauwens demonstrated a piece of apparatus, dex-ised to make quantitative estimations 
of action potentials on X'olition of muscles. The equipment basically' consisted of a conx'entional high- 
gain amplifier, such as is commonly' used for electromyographic explorations, feeding into a loud speaker 
and a cathode-ray' oscillograph. It was modified so that a resistance could be substituted for the cod of 
the loud speaker, which would act as a non-inductix'e load of knoxvn x-alue. 

A system of copper-copper oxide rectifiers, with a choke-capacitx' reservoir and a microammeter 
m series with a high resistance, could be shunted across selected portions of this load resistance. The 
readings on the microammeter bore a relation to the electrical disturbances around the needle electrode 
inserted into the muscle under examination. 

V ith the controls set in the usual position, the readings obtained for a normal muscle, fully exert- 
ing Itself against complete opposition, xvere around 350 microamperes, and xvere surprisingly constant. 

In his introductory remarks, Dr. Bauwens paid tribute to those who had investigated the qualita- 
tive aspect of electromyography' in peripheral-nerx'e lesions, and stressed the importance of recognizing 
fhe various ty'pes of electrical phenomena which characterized normal and abnormal actix-ity' in mu-cle. 
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In order to assess progress, or the lack of it, it was of advantage to be able to make quantitative 
estimations of action potentials, and he was satisfied that the measurements obtained by this apparatus 
were of significance, provided the pitfalls were recognized. In this connection, he pointed out that meas- 
urements were related solely to the disturbances immediately around the point of the needle electrode, 
and that, consequent^, one might obtain different readings in different parts of the same muscle. Again, 
one was dependent on the cooperation of the patient and his ability to direct his efforts into the proper 
channels. Some of the potentials, registered in muscles with a regenerating motor nerve, were very 
high and poljqihasic. Consequentl 3 q thej'' gave rise to undulj’^ high readings, which might prove mislead- 
ing. It was equall}' important to ensure that the maximum effort was alwaj's being made. The possibility 
of numericall}'’ counting the action potentials by mean.« of an integrating device was under consideration. 

Dr. Bauwens thought that clectromj’’Ographic exploration and the testing of muscles and nerves by 
means of electrical stimuli were complementary. He demonstrated a valve-operated machine which 
generated impulses of rectangular wave-form of 1/1000 second, 1/100 second, and 1 second duration. The 
values of the currents required for a minimal respon.se, using these three impulses, gave an abbreviated 
intensit 3 '^-duration curve which was of greater diagnostic value than the indications obtained by the 
classical method, using interrupted galvanic current and faradic current which defied measurement. 

Mr. W. Sayle Greer demonstrated a cinematograph dealing with “Some Foot Faults Related to 
Form and Function” which, b 3 ’^ means of dissections and ingeniousB^ contrived models, illustrated the 
anatom 3 '^ and ph 3 "siolog 3 ' of the foot, its pathology and treatment. 

A clinical demonstration was given at Horton Emergenc 3 ' Medical Service Hospital by Mr. St. J. D. 
Buxton and by members of the staff of that Hospital; b 3 ' Dr. P. H. Ja 3 ms of the Pla.stic Unit, East 
Grinstead; Dr. E. E. Harris of the Heritage Craft Schools; Mr. B. H. Burns and Mr. R. H. Young of 
Bottle 3 's Park;- Mr. F. C. Durbin, St. Nicholas Hospital, P 3 ’rford. and Mr. G. N. Goulden, Guildford. 

At this meeting the following Associate Members were elected to The British Orthopaedic Asso- 
ciation: 

Capt. Moss Albert, 31 Oakdene Park, Finchle 3 ', London, N.3 
Mr. K. A. Butler, Lord Mayor Treloar HosjMtal, Alton, Hampshire 
Major G. R. Clarke, 47A High Street, West Bromwich, Staffordshire 
Mr. A. J. Craig, 138 Tower Road, Sliema, Malta 

Surg. Lt. V. M. Franklin, c/o National Provincial Bank, Ltd., Stratford-on-Avon 
Squad. Ldr. K. E. Guest, 38 Davison Avenue, Whitle 3 ’ Ba 3 % Northumberland 
Squad. Ldr. J. R. Hughes, Glenwood, Llangollen, North Wales 
Mr. E. S. Jamieson, White Lodge Hospital, Newmarket 

Lt. Col. W. A. Law, 100th British General Hospital, Central Mediterranean Force 

Squad. Ldr. N. Livingstone, Royal Air Force Rehabilitation Unit, Loughborough, Leicestershire 

Mr. M. McLearie, 12 Caddie Hill Street, Greenock, Scotland 

Squad. Ldr. E. F. Mason, Ro 3 'al Air Force Rehabilitation Unit. Loughborough, Leicestershire 

Major J. M. Quinlan, 53 Queen’s Road; Southport. Lancashire 

Lt. Edmund Shephard, Ellescombe, Butlers Cross, A 3 desbuivv, Buckinghamshire 

Mr. S. A. Sinclair, Beverle 3 " Emergenc 3 ' Hospital. Beverle 3 % East Yorkshire 

Fit. Lt.'E. W. M. Williams, 10 Cardiff Road, Boston Manor, London, W.7 


SIR HENRY GAUVAIN 

In the April issue of The Journal appeared the obituaiy of Sir Heniy Gauvain. In one of the clos- 
ing paragraphs the author refers to Sir Henr 3 '^’s capacit 3 ’^ to inspire happiness and contentment among his 
patients. Concerning this characteristic of Sir Hemy, a reader writes: 

“At the time of the German invasion of Belgium in Ma 3 ' 1940, the Delcroix Hospital at Ostende 
had under its care. 100 crippled children; plans we.re luirriedR" made for their evacuation b 3 ^ sea to one 
of the French ports. Before the 3 ' reached their destination, these ports were in enem 3 " hands and the 
captain decided to head for England. Aboard this vessel were sixteen Belgian nuns, who cared for these 
destitute children. When the ship reached Falmouth, it presented the harassed British Government 
with an additional problem. It was to Sir Henry that the Government appealed. Without an 3 ^ hesitation, 
he placed the private pavilion of Morland Hall at the disposal of these 3 mungsters; most of them were 
suffering from surgical tuberculosis, others were victims of infantile paral 3 ''Bis. 

“In December 1941, I was in England as Administrator of the .'American Hospital in Britain and 
the Chief Surgeon of our Hospital, Dr. Charles H. Bradford of Boston, invited me to accompany him 
on a visit to Sir Hemy. I shall never forget the smiles on the children’s faces and the remarks uttered 
in their native dialect when Sir Hemy entered their rooms. He was indeed a great man.” 
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Bone-Grafting in the Treatment of Fractdres J R Armstiong M D M Ch , FJl CB Foreivord 
bj R Watson-Jones, BBc , M Ch Orth , F R Ci) Baltimoie, The illiamb and Wilkins Company, 
1945 S7 00 

This 175-page monogiaph, as its title imphes, is not confined to the tieatment of ununited fractures, 
but also includes the use of bone graft-- m selected fresh fractures The authoi gi\ es a concise, accurate, 
and detailed de-cription of bone-grafting a« ii-ed in his Roral \ii Foice Sen ice, which should be of 
great Aalue to tho=e not thoroughh familiar with the manr technical details associated with successful 
bone transplantation The book is uell uiitten and is profuseh illustiated uith black-and-white and 
color plates , the former are e\cellent and the latter are adequate to conr ev the desired information. 

Separate chapters are deroted to bone-grafting of each of the major long bones and of the spine; 
additional chapters deal with bone-grafting of special fractures, such as fractures of the neck of the 
femur, of the carpal scaphoid, metacarpals, and malleoli and inth fusion of the subastragalar and tarsal 
joints In general, the author prefers the onlav tj pe of bone graft He lecommends the use of bone grafts 
m certain fresh fractures as an electn e procedure, although this i' not geneialh accepted at the present 
time, a group has been using this method in recent a ears 

A detailed description is gnen of an oiigmal technique for giafting of the carpal scaphoid The au- 
thor condemns metallic fixation of malleolar fracture- because of the alleged injunous effect on the ad- 
jacent joint, he feels that bone pegs should be used In fractures of the tar-u- requiring fusion of one or 
more of the tarsal jomts, he recommends a “buried” graft, this technique i- clearly described, AAuth 
special reference to operatn e fusion of the subastragalai joint 

In the Appendix, sexeial statistical tables are presented, data aie conelated from 1161 fractures, in 
76 (6n per cent ) of which bone-giafting aaus u«ed 

This IS a concise monograph aaIucIi should be useful to the oithopaedic -iiigeon 

Introduccion XL Estudio de LOS Injertos Oseos (Introduction to the Studr of Bone Grafts) Nicolas 
N Perruelo Bueno® Aires El 4.teneo, 1945 

This well-organized monograph seems to hare been AATitten AAith the paiticular needs of the bus3’' 
orthopaedic surgeon m mind, and it is to be regretted that an English tianslation is not in existence. 
Most of the AAork desenbed bx Dr Perruelo has been earned on at the Hospital Teodoro Ah'arez in 
Buenos Aires, Argentina, of the staff of aaIucIi he has been a membei for manx x’ears 

The first section deals xAith normal bones The second part of the xxoik di-cusses in great detail the 
entire subject of bone-grafting, from its earlx beginnings to the method- noxv being employed The lat- 
ter part of the book is gixen oxer to the clinical histones of ®orae mnetx patient® and manj excellent 
roentgenograms are included The illustrations throughout the text aie of the highest order, and do 
much to emphasize the good results obtained by Dr Perruelo 

Clinical Trap XI ATic Slrgerx John J Moorhead BS MD D Sc FACS (D S M ) Philadelphia 
and London, W B Saunders Companx, 1945 51000 

Moorhead’s justification for compiling a textbook of geneial knoxx ledge and experience upon a sub- 
ject which deals xxith most if not all the specialtie- i® -ummed up in the -tatement that trauma “brings 
surgerx to the crossroads” 

The book deals with subjects a- dixerse as war mjuiie- indii®tiial mjune- and traumatic neuro=es; 
as technical as fractures of the bones of the face and the i elation of trauma to appendicitis, abortion, 
and xisceral displacement, as commonplace a® backache and a® contioxei-nl as medicolegal pha=es of 
trauma The bulk of the xxork i® dexoted to di-cu®-ions of fiacture- and xxounds xxrth their complica- 
tions, but separate chapters deal xxith amputation® injuiie® of neixe- and blood xes-el-, and deformi- 
tie- of the hands and feet The author constantlx emphasize- xxhat he con-nder- to be the simjile and 
fundamental piinciple®, a® well a® the practical and axailable mea-me- xxhich ajiplx to the condition® 
studied He outlines important alternatixe method- of treatment xxhenexer thex arc currentlx accepted,, 
xxitliout hesitating to expre— hi® oxx-n jirefeience 

Till® IS distinctlx not a book foi «peciah-t-, xet it contain® feiture- xxhuh ex en the -pecnli®t xxill 
enjox leading The author has contributed greatlx to the ait of teaching hi- -ubject, becau-e he has 
thnfied and -implified the ta®k of nnder-tanchng it The -peciali-t max be humbled a little in reading 
till- xolume bx realizing hoxx small a part of the total problem of traumatologx hi- -ingle dejiartment 
can deal xxith The pre-entation of the =ubject a® a xxhole xxill help him to -xxitch from an oil-immer- 
-lon xiexx of hi® technical field to the loxxer-poxxered len-e- of common jn ictiie The onlx danger from 
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such a book is that it might induce surgeons less experienced than tlie autlior to assume the role of ex- 
perts in traumatic surgery, without acquiring the necessary breadtli of experience or specialized training 
for such a practice. The very content of the book sliows tliat traumatic surgery can never be a single 
specialty; but is rather a field which draws from many specialties. 

Fisiopatologia del Metabolismo Oseo (Pathological Physiology of Osseous Metabolism). Carlos F. de 

Arazoza. La Habana, Cultural, S. A., 1945. (Bibliotcca del medico i)ractico, Volumen XXIII). 

De Arazoza has summarized our present-day knowledge of osseous metabolism. He has set for him- 
self three aims: a study of the related metabolism of bon.v tissue, a review of the factors which inter- 
vene in the metabolism of bone, and a study of the diseases in which changes in osseous metabolism 
take place. While there is little new in the book, it is a careful resume and digest of data on the chemi- 
cal changes which take place in bone. Theories of calcification are reviewed. The author adheres to the 
ferment theory. Phosphatase seems to bo essential for the laying down of lime. The roles of calcium, 
phosphorus, and magnesium are discussed in detail. These salts move rapidlj' between the blood serum 
and osseous tissue, as shown by radio-active phosphorus. 

The parts plajmd by vitamin A, the parathj-roid gland, jihosphataso, vitamin D, and vitamin C are 
described ; tables of their physiological action are apimndcd to each chapter. Paget’s disease, von Reck- 
linghausen’s disease, rickets, scurvy, cocliac disca.se, osteomalacia, osteopsathjTosis, lipoid diseases of 
bone, and marble-bone disease are discussed in relation to os.scous metabolism. 

This little book is a valuable reference for students of diseases of bone. It is well written, and the 
illustrations are good. 

Facial Pbosthesis. Arthur H. Bulbulian, M.S., D.D.S., F.A.C.D. Philadeljihia and London, W. B. Saun- 
ders Company, 1945. S5.00. 

Prosthetic restoration of missing parts of the exficmitics has long been an accepted orthopaedic pro- 
cedure, but surgeons know very little about the possibility of prosthetic restoration of deformities of the 
face and jaws. One reason is that this specialtj' has been developed b}- dentists, and reports on such 
work appear almost exclusivelj' in dental periodicals and books. Moreover it is a highlj" specialized sub- 
ject, and consequent^' very few members of the dental profession have taken the training necessary to 
enable them to contribute to the solution of facial and maxillaiy problems. 

Prosthetic methods of reconstruction have received a good deal of attention since World War I. 
Knowledge gained at that time was used successfullj' bj' surgeons in the repair of deformities resulting 
from malignant diseases of the face and jaws. 

This concise book on facial prosthesis undoubtedlj' will fill a great demand, because at the present 
time there is more interest in the subject than ever before. The scope of the book, however, is limited 
to a discussion of artificial restoration of the face, especiallj' the ear, nose, and orbit. It does not cover 
reconstructive measures for maxillary defects, which are often part of such deformities. 

As the author plainly states, the repair of facial deformities is primarily a surgical problem, but 
there are numerous conditions and circumstances which make surgeiy impossible or inadvisable. In such 
cases, artificial restoration, temporary or permanent in nature, of the missing parts of the face becomes 
desirable. The author has somewhat overemphasized the use of latex as a suitable material for restora- 
tion, this reviewer believes, and has not given enough importance to other materials, such as acr 3 ']ics. 

The book is divided into fourteen chapters, and the classification of subjects is excellent. There 
are numerous diagrams and illustrations to help the reader in understanding the techniques of restora- 
tion. It is a good, small book to introduce prosthetic concepts and techniques to those interested in 
restorative problems of the' face. 

tjBER Osteoma'elosklerose (Osteomvelosclerosis) . G. A. Landoff. Ada Radiologica, XXV, 81, 1944. 

Apart from Albers-Schdnberg’s disease, the clinical entit 5 ' of the various forms of osteosclerotic 
anaemia are but little known. Most commonly they are recognized only at autops 3 ', because of the ab- 
sence of any characteristic clinical picture. 

In the author’s case and the sixteen which he reviews from the literature, the disease occurred pri- 
marily in adults beyond the age of fifty. The blood picture is not typical, but is in general that of a pro- 
gressive anaemia. The white cells show all variations from that of complete aleukaemia to that of mye- 
loid leukaemia. The sedimentation rate is increased. 

Opinions vaiy as to the nature of the disease in the bone. Some consider that atrophy of the mar- 
row is associated with extra-osseous blood formation. Others consider that the picture is dominated by 
fibrosis of a leukaemic marrow. 

The bone changes affect only the spongiosa; Wolff called it an “endosteal hyperostosis with meta- 
plastic bone formation”. Microscopically it is found that the bone trabeculae are less numerous. There 
is ev'idence of new-bone formation, but the osteoblasts and osteoclasts are strangeb' absent. The mar- 
row cavities are fibrotic with occasional clumps of mi'eloid and er 3 'thropoietic cells. 
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Roentgenographically the disease is characterized by the appearance of broader, well-defined spon- 
giosa trabeculae, with narrowing of the marrow cavity. This is best seen in the vertebral column and 
the pelvis. In the opinion of the author the condition is to be considered as the earlier phase of the dis- 
ease known as “marble bone”. 

It may be differentiated from metastatic carcinoma by the more widespread osseous involvement. 
It may be differentiated from chronic fluorine poisoning by the absence of spotty cortical thickenings, 
calcification of the ligaments, and osteoph 3 'te formation. No therapy is effective. — Henry Milch, M.D., 
New York, N. Y. 

De l.\ forme kystique des met.^stases cancereuses des os (Cystic Form of Metastatic Carcinoma of 

Bone). Bengt Engfeldt. Acta Radiologica, XXV, 317, 1944. 

The cystic form of osseous metastases from carcinoma is apparently very rare. In the literature are 
reported one case derived from a carcinoma of the prostate, one from carcinoma of the oesophagus, and 
two from carcinoma of the breast. The author adds a case in which the primary site was the lung. 

The widespread osseous metastases caused absolutely no symptoms, and were discovered in the 
course of autopsy. The cysts were lined with cancer tissue, and were well demarcated from the sur- 
rounding tissue. The author reviews the theories which had been advanced to explain the formation of 
cysts in metastatic carcinoma. — Henry Milch, M.D., New York, N. Y. 

Ubeb einen MIT RontgbnstR/VHLen Bbhandelten Polymyositisfall (Case of Polymyositis Treated by 

Roentgenotherapy). Hugo Ahlbom. Acta Radiologica, XXV, 403, 1944. 

Polymyositis or dermatomyositis is a rare disease first described in 1890. It presents the appearance 
of an acute infection with intermittent course. Inflammation of the back and extremity muscles is most 
common. The etiology is unknown and the prognosis is bad. 

The author recommends the use of small doses of roentgenotherapy. If these are unsuccessful, he 
advises the use of large doses. A case is reported in which this type of treatment appeared to have 
given good results. — Henry Milch, M.D., New York, N. Y. 

Roentgen Treatment and the Course of Cure of Giant Cell Tumor in the Osseous System. Gosta 

Jansson. Acta Radiologica, XXV, 569, 1944. 

Roentgenographically the local fibrocystic diseases may be divided into three types: “(1) the bone 
cysts occurring in young persons under the age of fifteen, and involving the metaphyses; (2-a) the be- 
nign slow-growing cell tumors occurring in patients between the ages of twenty and forty, and involving 
the epiphyses; and (2-b) the strongly progressive epiphyseal type of giant Cell tumors, in which the os- 
teolysis develops quickly, and which appear locally malignant”. 

It is the opinion of the author that roentgenotherapy is the method of choice in the treatment of 
this condition. He cautions against the combination of surgery and roentgenotherapy. He notes that ex- 
cessive radiation is often harmful, and may lead to initial osteolysis of the involved bone . — Henry 
Milch, M.D., New York, N. Y. 

Fall von Chondrodystrophia congenita calcificans (A Case of Chondrodystrophia Congenita Cal- 

cificans). Sigvar Jorup. Acta Radiologica, XXV, 580, 1944. 

This disease was first described by Conradi in 1914. It appears to belong to the general categoiy 
of the foetal chondrodystrophias, but is very rare. The .disease occurs in the newborn, and is character- 
ized by the appearance of small localized calcium deposits in the epiphyses of chondrogenous bones. In 
one case in which pathological material could be studied, small areas of chondromalacia with calcium 
depositions were found. As a consequence, a moderate micromelia, affecting primarily the lower extremi- 
ties, has been observed. 

The prognosis in these cases is apparently determined by other malformations which are associated 
with it. As regards the growth of the bones, the prognosis appears not unfavorable, and in this respect a 
marked difference between this disease and the classical type of chondrodystrophy is to be noted. 

The patient here reported was first seen at the age of twelve days, and has been followed for a pe- 
riod of fourteen months. A number of interesting roentgenograms illustrate the article. A review of 
previously reported cases is given. — Henry Milch, M.D., New York, N. Y. 

The Ixstability Associ.ated with Disk Degeneration in the Lu.mbar Spine. Folke ICnutsson. Acta 

Radiologica, XXV, 593, 1944. 

“Examination of anatomic specimen of the lumbar spine has shown that disk degeneration (osteo- 
chondrosis) causes abnormal movements between the vertebrae (Hildebrandt, Guntz) and it has been 
assumed that clinical symptoms of disk degeneration are duo to tiiis instabilit.v. Putti aptly likened the 
condition to pseudo-arthrosis.” 

The author notes that the ordinary roentgenographic examination, made with the patient recum- 
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bent, is intended for the study of anatomical conditions. In order to establish functional capacity, he 
recommends maldng roentgenograms “with the patient standing and bonding as far forward and back- 
ward as possible”. With these complcmeirtary pictures, the roentgonographic diagnosis of disc degenera- 
tion may be made on the following findings: 

1. Narrowing of the intervertebral space; 

2. Reactive changes, such as sclerosis of the vertebral surfaces and lipping of the margins; 

3. Vacuum phenomena, visualized as fissure spaces in the discs on backward bending; 

4. Abnormal position of the vertebrae in relation to each otlier; 

5. Abnormal motion of the vertebrae. 

The exposures are made in the following manner: 

1. Standing at the edge of the table, the patient extends the spine maximally while a lateral view is 
made. 

2. Sitting on the edge of the table, the patient flexes the spine maximally while a lateral view is 
made. 

Roentgenograms were made at a distance of one meter. 

Normally, flexion or extension of the spine leads to unilateral compre.ssion of the disc on the con- 
cave side. When the disc is injured, this shock-absorbing function is impaired, and in its place the verte- 
bra is displaced in the direction of motion. The fifth lumbar vertebra is apparently an exception to this 
rule. While retroposition occurs in extension, it is accentuated in flexion also. The author attributes 
this to other factors which he does not discuss. 

By these methods the author believes he can diagnose disc instability before anatomical signs ap- 
pear. — Henry Milch, M.D., New York, N. Y. 

A Contribution to the Treatment of Fractures of the Posterior Border of the Tibia by Malleo- 
lar Fractures. Gunnar Nystrdm. Acta Radiologica, XXV, 672, 1944. 

The statistics of Hendelberg have conclusively demonstrated the unfavorable prognosis of fracture 
of the posterior lip of the tibia (third malleolus). In those cases in which this fragment includes one 
third or more of the articular surface, a displacement of more than two millimeters, a bad result with 
invalidism may be expected. 

The author reports his percutaneous method of fixing such a fragment. The fracture is reduced, and 
a plaster-of-Paris boot is applied. A window is then cut over the heel and the Achilles tendon. Under 
the fluoroscope, a common carpenter’s awl is introduced, and the posterior fragment is levered into po- 
sition. The awl is removed, and the fragment is fixed by a Kirschner wire which is cut off and incorpo- 
rated into the plaster. The wire is removed after about one month, and weight-bearing is gradually be- 
gun. The plaster is removed six weeks after operation. — Henry Milch, M.D., New York, N. Y. 

Arthrography of the Mandibular Joint. Flemming Nprgaard. /lc(a Radiologica, XXV, 679, 1944. 

Roentgenography of this joint presents many difficulties. In an effort to overcome some of these, 
particularly in cases where non-osseous lesions exist, the author has employed perabrodil or uroselectan 
in thirty-four cases. 

With the patient supine, head turned to one side, mouth open, the sldn midway between the tragus 
and the condyle of the mandible is anaesthetized with novocaine. The needle is then pushed into the 
lower part of the mandibular joint. About one cubic centimeter of a 35 per cent, perabrodil solution is 
then injected, and an exposure is made. Thereafter the upper part of the joint is injected with from 1.5 
to 2 cubic centimeters of the same contrast substance. 

The patient experiences a sensation of painful tension and inabilit 3 ’^ to shut the moutli in a normal 
manner; this sensation usually disappears quickly, sometimes within a day. Only one joint is examined 
at a time. The second joint may be examined after an interval of several days, preferably a week. A 
more complete report of the work will be published after more data have been accumulated. — Henry 
Milch, M.D., New York, N. Y. 

Teste colorimetrico para avaliacao da capacidade circulatoria e da vitalid/Ide de uma regiao (Colori- 
metric Test for Evaluation of the Circulatory Capacity and the Vitality of a Given Region). 
Mario Ottobrini Costa. Anais Paulistas de Medicina e Cirugia, XL VIII, 193, 1944. 

In the matter of amputations consequent upon arterial obstructions, the question as to economically 
delayed amputation or immediate amputation has always been difficult to solve. Many different tests, 
oscillometric, colorimetric, thermometric, have been devised, but none gives any positive evidence as to 
the extent or the importance of the collateral circulation. 

In an attempt to establish clinical rules to guide amputations, Quenu recommended: (1) amputa- 
tion of the toe for gangrene of the phalanx, (2) amputation of the foot for gangrene of the toe, and (3) 
amputation of the lower third of the leg for gangrene of the forefoot. 

In May 1935, the author attempted to accumulate positive evidence on this problem by injecting 
various types of chromatic substances into the arterial trees of animals. 
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As it is being employed at present, arteriochromia is performed in the following maimer; The main 
arterj' of the upper or lower extremity, femoral or humeral, is palpated and punctured by a long thin 
needle, directed into the axis of the i-essel. Five cubic centimeters of “Pimecral”, apparently a proprie- 
tary drug, or five cubic centimeters of a 2 per cent, solution of “trj'poflavin” are slowly injected. Directly 
thereafter, discoloration of the skin will be noted in the area of the distribution of the artery. The in- 
tensity of the discoloration as well as the upper and lower limits are carefully noted as a guide to the 
probable area of satisfactoiy vascularization. — Henry Milch, M.D., New York, N. Y. 

Trat.imexto d.\s fr-ituras do colo do FEiicR (Treatment of Fractures of the Neck of the Femur). Bar- 

ros Lima. Argiiivos Brasileiros de Cirurgia e Ortopcdia, XIII, 57, 1944. 

.A very' comprehensive study of fracture of the neck of the femur is given, including the mechanism 
of fracture and reasons for failure. Various methods of treatment are critically revierved, and the method 
of Godoy-Moreira is described in some detail . — Emanuel B. Kaplan, M.D., New York, N. V. 

Sikdbome de Klippel-Feil (Klippee-Feil Syxdrosie). Antonio R. Grasso. Bolelin de la Sociedad de 

Cirugia del Uruguay, XV, 19S, 1944. 

.As a result of observations made on a girl, nine years old, in whom torticollis was the primary 
symptom, the author undertook a review of the Klippel-Feil syndrome. Clinically' the cases thus far re- 
ported may' be divided into ; 

1. .Abortive type, including cases which are symptomless until the diagnosis is accidentally made, 
following injury or some intercurrent infection; 

2. Mild type, including those cases in which torticollis, elevation of the scapula, or cervicodorsal 
scoliosis constitute the prominent symptoms. 

3. Classic type, including the characteristic “man without neck”. Clinically this form is character- 
ized by' the sy'mptom triad; absence of neck, low implantation of hair, and limitation of motion in the 
cervical spine. 

These symptoms, resulting from the anatomical malformations of the cervical spine, are associated 
with a number of accessory symptoms; descent of the Jobule of the ear; descent of the mammary 
areolae ; descent of the mandible and consequent difficulty in opening the mouth ; malformation of the 
thorax; cervicodorsal scoliosis and kyphosis; and neurological symptoms involving the cranial and pe- 
ripheral nerves. 

RoentgenographicaUy the condition is characterized by; reduction in the number of cervical ele- 
ments; anomalies, such as spina bifida; vertebral sy'nostosis; aplasia-hemispondyh'a or platyspondylisis 
of the cervical vertebrae; reduction in the number of ribs; and sacralization and spina bifida of the 
fifth lumbar vertebra. 

Anatomically, all the variations seen in Klippel-Feil syndrome may be attributed to embryological 
arrest in development. .Apart from those monstrosities which are incompatible with normal existence, 
the prognosis for life is good. In those cases in which peripheral-nerve symptoms arise from the pres- 
ence of a cervical rib or an enlarged apophy'sis, surgery is indicated. — Henry Milch, M.D., New York, 
N. Y. 

PL.rsTiciTY OF Boxe. James F. Brailsford. The British Journal of Surgery, XXXII, 345, 1945. 

The features of a perfect model are preserved by' the balance of muscular tension and the strength, 
hardness, rigidity, and resilience of the bone. The features are changed if the balance is upset. As a 
result, the affected elements bend and certain characteristic deformities are produced, unless steps are 
taken to neutralize the abnormal influence. Before mineral matter is deposited in pre-osseous tissue, it 
is plastic, and it can be compressed and deformed by stresses and strains, although it is not altered by' 
such stresses and strains in the normal growing child. 

“With the cessation of function, occasioned by paraly'sis, there occurs a gradual decalcification of 
the bones of the affected part.” This may occur in the spine or in an extremity. In osteogenesis imper- 
fecta there is atrophy of the shafts of the bones with normal growth or overgrowth of the diaphy'ses. 
The skeleton shows plasticity, and is altered by' muscular or gravitational pull. 

Plasticity may be due to generalized changes in the bone, as in osteogenesis imperfecta and in renal 
rickets, or to changes localized to one portion of the skeleton, as in Paget’s disease. Trauma may cause 
localized plasticity. During some of the stages of osteochondritis the bone is soft and requires protec- 
tion from w'eight-bearing . — Ernest M. Daland, MJ)., Boston, Massachusetts. 

OsTEoxivELiTis OF THE CuwicLE. Tina Gray. The British Journal of Surgery, XXXII, 466, 1945. 

This is a case report of a boy of twelve. .At operation for drainage of osteomyelitis of the clat'icle 
It was found tliat the entire bone had sequestrated and it was removed. The boy had no disability fol- 
lowing removal, and the wound healed rapidly. Complete regeneration of the clavicle occurred. 

Erne.'it M. Daland, M.D., Boston, Massachusetts. 

VOL. XXVII, xo. 4, OCTOBER 1345 



738 CURRENT LITERATURE 

Plasmocytoma of Bone. William Tennent. The British Journal oj Surgeri/, XXXII, 471, 1945. 

Plasmocytomata are rare tumors composed of plxisma cells or their immediate precursors. They 
arise in the lymphatic tissue of the nasopharynx and in bone marrow. Plasmocytoma of bone occurs in 
the marrow of flat bones, long bones, and vertebrae, but has not been reported in the small bones of the 
hands or- feet. The commonest sites are in the ilium and the proximal ends of the femur and humerus. 
The writer found forty-nine cases reported in the literature, and presents a fiftieth case. 

A male of fifty, being treated for pneumonia, was found to have a deep mass in the right iliac fossa, 
tender to pressure and fixed to the posterior abdominal wall. Roentgenograms showed a destructive 
process in the right ilium. The cortex was expanded, but not destroyed; and the tumor was limited 
to the bone. 

Biopsy showed a plasmocytoma. Roentgenograms of other bones revealed no other lesions. Roent- 
genotherapy was advised but refused. The patient was not seen again until two years later, at which 
time he staled that for three months he had suffered from ache at the site of the original tumor, general 
weakness, loss of weight, and shortness of breath. At times he had had pains in both arms and legs. 

Roentgenographic examination showed multiple areas of rarefaction in the left femur, skull, ribs, 
and both humeri. These had the typical appearance of multiple myelomatosis. Bence-Jones proteose 
was present in the urine. 

A few weeks later the patient died. From his history it was gleaned that he had had symptoms ref- 
erable to his hip and pelvis for three years before the tumor was discovered. It was apparent that this 
process had gone on for five years before it assumed the characteristic picture of multiple myelomato- 
sis. Such a terminal outcome is to be expected, if the original tumor is untreated. 

Study of the other cases in the literature shows that they have been treated by radiation, curettage, 
and amputation. Because of lack of adequate follow-up, no decision can be made as to the best meth- 
ods of treatment. — Ernest M. Daland, M.D., Boston, Massachusetts. 

Treatment of Wounds by Delayed Suture. William Patrick. British Medical Journal, II, 7SS, 1944. 

In the author’s group of three series of cases (ten, twenty-eight, and eighteen, respectively), forty- 
seven wounds out of fifty-six were healed completely within three weeks of suturing, and twenty-eight 
of the forty-seven wounds were healed by first intention on the tenth day. Penicillin and sulfonamides 
were used in combination in the first two series, sulfanilamide alone in the third. The best results were 
obtained when the two powders were combined. 

Causative missiles had been mainly high-explosive shell or mortar shell, but the nature of the mis- 
sile had no obvious effect on healing; nor was the healing process affected by the location, situation, or 
direction of the wound. A strong bacteriostatic powder with a longer time interval before suture pro- 
duced better results in the first and seeond series than a weaker powder and a shorter time interval in 
the third series. Occasionally, on the tenth day, a wound was discovered to be a little red and “grum- 
bly” at the stitch holes, but with a firm suture line ; this very mild degree of infection never proved to 
be of any significance, and at the subsequent dressing on the sixteenth day, the wound was usually 
found to be dry and healed. Extra dressings were done when indicated. 

Amputation of the Extremities, and Prosthesis, in the U.S.S.R. Nikolai N. Priorov. British Medi- 
cal Journal, I, 178, 1945. 

The majority of amputations in the Soviet Army are performed at the front, and only one-fifth in 
hospitals in the rear. Reasons for amputation include severe destruction and crushing of soft tissue, 
bones, and joints (up to 40 per cent.), almost complete tearing away of the limb by bomb or shell 
fragment, gas infection, gas gangrene, and sepsis. 

Both chop and guillotine methods of amputation are used, the latter being preferred. Primary am- 
putations are not sutured. Prepared flaps are rolled into tube form and sutured, to be used later. Safe- 
guards obligatory in amputations include heat, blood transfusion, a tourniquet, anaesthesia, and sulfona- 
mides. 

Up to 80 per cent, of amputation stumps are diseased or defective. Diseases comprise non-healing 
wounds, ulcers, osteomyelitis, ligature fistulae, exostosis, neuritis, pains in the stump, phlebitis, disorders 
of the sldn, and contracture. Defects consist of excessively long or short stumps, disarticulated stumps 
of the knee joint, ankle joint, wrist, and shoulder, stump scars with bone adlresions, conical stumps, an- 
kylosis, and defects following osteoplastic operations. Cases that do not respond to conservative meas- 
ures are treated by sldn-grafting, by grafting adjacent tissue, by excision of scar tissue with sldn-graft- 
ing, by removal of adhesions and ligatures, by removal of neuromata and neurolysis, by sequestrectomy, 
or by re-amputation. Indications for re-amputation have occurred in non-healing wounds up to 60 per 
cent.; in osteomyelitis, from 17 to 20 per cent.; in extensive scars with bone adhesions, 10 per cent.; 
and for exostosis and pains, 10 per cent. The bone canal, in re-amputation, is tamponed with a section 
of muscle. The stump is carefully prepared for a prosthesis for two to three months by stump exercises, 
physiotherapy, gymnastics, stump wrapping, and training to accustom the stump to withstand pressure. 

Up to 90 per cent, of amputees, after being treated and supplied with artificial limbs, return to the 
factories, plants, and other establishments, where they were employed prior to the war. 
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OsiEOPL.\sTic Re-Amputation of the Thigh. Alexander Kotov. Brilish Medical Journal, I, 179, 1945. 

End-weight-bearing stumps are preferred to other types by many Russian surgeons from the pros- 
thetic point of view. Below-the-knee amputations are considered to provide the best means of obtain- 
ing end-weight-bearing stumps by operative procedure. The Pirogov, Syme, Bier, and Kirschner opera- 
tions are used in below-the-knee re-amputations. 

In re-amputation of the thigh, the Gritti-Stokes amputation gives a good result in the lower third 
of the thigh. A new technique has been devised, where this operation cannot be used, to obtain a pres- 
sure-bearing thigh stump. A flap of skin sufiicient to cover the lower surface of the stump is cut from 
the anterior aspect of the thigh. The skin on the posterior surface is divided almost perpendicularly 
to the bone of the extremity. The muscle layers are divided conoidally, and the bones of the thigh are 
cut through. A ring-shaped bone transplant, 05 to 0.75 centimeter thick, is cut from the proximal end 
of the amputated bone, and is introduced in whole or in sections into the bone-marrow canal. The 
muscles are then stitched in layers, and the skin is sutured. During ten months of work, fifteen osteo- 
plastic re-amputations of the thigh stump in the middle third were performed by this technique. The 
postoperative wound healed quickly. On the twelfth to fourteenth day after the operation, daily exer- 
cises were begun, to educate the stump to weight-bearing. The amputee was supplied with crutches, 
fitted with a platform for supporting the stump, at the beginning of the second month after operation. 
The walking time was increased daily. Later, end-weight-bearing prostheses, having free mobility of 
the knee joint, were provided. 

Peritendinitis, or Foot-Sloggers Noddle. H. Daintree Johnson. Brilish Medical Journal, I, 193, 1945. 

Peritendinitis presents itself as a painful swelling over a tendon and corresponds to a point of pres- 
sure, such as a fold in the leather of a boot. Pain comes on during a march, and the lesion may occur 
on the Achilles tendon, the tendon of the tibialis anterior, or the flexor tendon of the hallux. It gradu- 
ally becomes a well-circumscribed elevated nodule, or two nodules with a groove between. The nodule 
is closely adherent to the skin, but can be lifted off the tendon. The commonest site is over the Achilles 
tendon. The crease in the soldier’s boot projects fonvard and the lesion is caused by repeated indenta- 
tion. For treatment, the author suggests stiffening the back of the boot with a tin splint, which is 
clipped on (illustrations are given). 

A nodule over the tibialis anterior tendon is produced by that cross-piece of the lace most nearly 
opposite to the ankle joint. The soldier should be taught to lace his boots so that the laces do not 
cross the tendon beneath the leather, but only in front of it. A strip of felt should be inserted behind 
the tongue of each boot. 

If a crease has formed just behind the toe-cap of the boot and caused peritendinitis over the base 
of the hallux, the lesion may be relieved by the insertion of a piece of felt, which will cause the leather 
to fold outward instead of inward. The patient may have to be excused from wearing boots altogether 
or given footgear that does not cause pain. 

Recurrent Dislocation of Ankle Due to Rupture of External L.ater.al Ligament. E. Hambly. Brit- 
ish Medical Journal, I, 413, 1945. 

An operation for recurrent dislocation of the ankle due to rupture of the external lateral ligament 
is reported. The ligament is repaired by splitting the peroneus longus tendon from above downward. 
The detached end is threaded through the lateral malleolus and through the os calcis, and back again 
on itself. This reconstitutes the ligament. 

A case report is given in which the operation was successful. The patient has had no further 
trouble. 

STABILIZATION OPERATIONS OF THE FooT. A. K. Basu. Calcutta Medical Journal, XXXIX, 9, 1942. 

Basu describes and compares seven operative procedures for production of a firm painless foot suit- 
able for weight-bearing and progression. These operations are: (1) Whitman’s astragalectomy, (2) 
Dunn’s triple arthrodesis, (3) Hoke’s operation, (4) Lambrinudi’s operation, (5) subastragalar arthrod- 
esis, (6) Campbell’s operation, and (7) Putti’s operation. The chief indications for such procedures are: 
(1) postparalytic flail-foot foUoAving poliomyelitis, (2) congenital club-foot, (3) peroneal-nerve injury, 
and (4) fracture of the talus or calcaneum. The author also reports two cases of astragalectomj', one of 
Dunn’s operation, and two of subastragalar arthrodesis. The article seems of unusual interest. — Robert 
M. Green, MM., Boston, Massachusetts. 

Internal Fecation op Fractures of the Neck of the Femur. Duncan W. Boucher. The Canadian 

Medical Association Journal, LII, 31, 1945. 

The author reports the use of the three-flanged, centrally canalized nail, in the internal fixation of 
lorty-seven fractures of the neck of the femur. Subcapital fracture occurred in 162 per cent., trans- 
cemcal fracture, in 415 per cent., and basilar fractures, either intertrochanteric or pertrochanteric, in 
415 per cent. The ages ranged from fifty-four to eighty-nine years, with most in the eighth decade. 
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The fractures were more common in women than in men, 83.2 i)er cent, a.s compared witli 16.7 per cent. 
Nineteen patients, or 40 per cent., had complicatioms on admi.ssion, which affected the end re.sult. 

Anaesthesia was induced, in most ca.ses, witli nitrous o.xide and ox 3 'gen; in some, witli a spinal anaes- 
thetic; and in one, by local infiltration. Roentgenograms guided the procedure, before, during, and after 
the operation. Extra-articular technique was followed in the introduction of tlie three-flanged nail, with 
the thigh in a position of abduction, hyperextension, and in internal rotation, and with the knee prefer- 
ably fully extended. The guide wire was inserted well into the head of the femur, and the nail was 
threaded over the wire, and hammered home. Vigorous movements were then carried out by the sur- 
geon to test the thoroughness of the operative procedure. Smooth movement, without recurring deform- 
ity, indicated solid impaction. 

Patients were up on about the fourth day, and were bearing weight on the injured limb by the ninth 
week or sooner. 

The end results were good in 72.3 per cent., fair in 8.3 per cent., bad in 8.3 per cent.; and 10.6 per 
cent. died. No nails were extracted, except in those patients wlio died while in the blospital, and in one 
case of absorption of the neck of the femur. 

EsTUDIO DE la SINAPSA MIONEUHAL EXPERIMENTALMENTE Y EN BIOPSIAS DE MUSCULO.S HUMANOS PARALITI- 

cos (Experimental Study of Myoneural Function in Biopsy Specimens Taken from Muscles 

OF Poliomyelitic Patients). J. Sanz Ibaiiez. Cirugia del AparaLo Locomotor, I, 193, 1944. 

Ibanez, working in the Cahal Institute, studied the myoneural functions in biopsy specimens, taken 
from muscles of patients with poliomj'elitis and from experimental animals in various stages of the dis- 
ease. He found two groups of paralyses; (1) paralysis of central origin, irreparable, due to destruction 
of the nerve cells of the anterior horn of the medulla, (2) paralysis of peripheral origin, reparable, due 
to changes in the nervous components of the motorial plate. In the second type, regeneration is capable 
of restoring movement in the paralyzed muscles. 

In guinea pigs, febrile infections were found, unaccompanied by paralj'sis. Other animals were ob- 
served, in which there was neither paralysis nor fever. In these cases, the plasma of the animals neu- 
tralized the virus of poliomyelitis. The author concludes that three forms of the disease occur: (1) fever 
with paralysis; paralysis may be central or peripheral; (2) fever without paralysis; (3) disease without 
either fever or paralysis. Biopsies of muscles in various stages of paralysis showed the development of 
arborization of nerve filaments, which to the author suggested repair, and explained the recuperation of 
function in certain cases. — John G. Kuhns, M.D., Boston, Massachusetts. 

El sarcoma osteogenico (Osteogenic Sarcoma). L. Sierra Cano and F. Lopez Areal. Cirugia del Apa- 

rato Locomotor, II, 1, 1945. 

The authors review the cases of osteogenic sarcoma seen at the Institute of Health at Valdecilla. 
Thirty patients were seen between 1930 and 1944, seventeen of whom were twenty years of age or less. 
Trauma played a rather insignificant role in the onset. Following the considerations of Segond — previous 
injury at the site of the tumor, sufficient severity of the injury, development of the tumor in the trauma- 
tized tissue, continuity of the relationship between the injury and the tumor (one month to two years) — 
nine case histories are discussed, in which there was a probable relationship between the lesion and an 
injury. The tumors studied were located chiefly in the lower extremity, seventeen in the femur, five in 
the tibia; twenty-four were located about the epiphyseal line. Generalized adenopathy was found in 
eight cases. Three cases were mistakenly diagnosed as osteomyelitis. 

In these patients early surgical intervention was practised. Amputations were performed upon fif- 
teen, and disarticulations upon five. Only three of the patients upon whom amputations were performed 
lived over two years; and of the five patients having disarticulations, only one lived over two years. 

This result is in accord with the statement of Ferguson that earR-^ amputation is fatal. It should 
be deferred for at least seven months from the onset of symptoms. Survival has depended more upon 
the type of tumor than upon the method of treatment, so that no categorical answer can yet be given 
in regard to the best treatment. 

In seven cases, pulmonary metastases were the first symptoms which the patient showed. The cause 
of death in all cases was systemic metatases of the tumor. — John G. Kuhns, M.D., Boston, Massachu- 
setts. 

Disepifisiplasia vertebral (el cifosis dorsal juvenil) [Epiphyseal Dysplasia of the Vertebrae]. V. 

Sanchis Olmos. Cirugia del Aparato Locomotor, II, 97, 1945. 

Olmos reviews the histories of twelve cases of juvenile dorsal kyphosis (Scheuermann’s disease). He 
reviews the various etiological considerations: heredity, constitutional weakness, trauma, and endocrine 
disturbances. The author believes with Schanz that muscular insufficiency predisposes to this condition, 
which is then followed by cartilaginous deformity. Beginning deformity changes the balance between 
the stimulus of traction and of pressure. The changes in the intervertebral discs and the marginal pro- 
liferation about the bodies follow the earlier epiphyseal changes. The vertebral epiphyses are not such 
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as are found in long bones, but are secondary nuclei of ossification such as are found in the os calcis. 
The term juvenile dorsal kyphosis is meaningless. Osteochondritis and epiphysitis are false, since no 
evidence of inflammation is found. The same can be said of localized malacia. Vertebral epiphyseal 
dysplasia most completely describes this disturbance. These lesions are of great importance in the de- 
velopment of senile kyphosis and spinal arthritis deformans. 

For treatment during the early stages, the author advises rest on a hard bed until pain disappears, 
the use of heat, massage to the spinal muscles, and local infiltration with novocaine. This is followed 
by exercises to strengthen the spinal and abdominal muscles. When definite deformity is present, at- 
tempts should be made to correct this, or to compensate for it if it is incorrectable. Correction is car- 
ried out cliiefly bj- g 3 -mnastics and ph 3 'siotherapy. When severe deformitj' is present, a corset may be 
used, as well as heat, massage, and exercises. — John G. Kuhns, M.D., Boston, Massachusetts. 

IxTB.vPELVic Peotrusiox OF THE .Acet.abulum. B. N. Balakrisima Rao. The Indian Journal oj Surgery, 

VI, 175, 1944. 

The author discusses non-traumatic progressive protrusion of the acetabulum and the femoral head 
into the pelvis. The condition was first described by Otto in 1824 as “an abnormal gouty manifesta- 
tion”. Six new cases of this rare condition are reported, and the roentgenographic aspects are empha- 
sized. Rao believes that it is probably inflammatory in origin, rather than being a developmental anom- 
aly. He particularly recommends in the treatment of this condition Smith-Petersen’s operation of 
acetabuloplasty, reported in The Journal oj Bone and Joint Surgery (XVIII, 869, 1936), as this prevents 
further protrusion. — Robert M. Green, MJJ., Boston, Massachusetts. 

Osteo-Spoxdylosis Coxdexsaxs Hebedit.ahla. R. J. Weingarten and G. Politzer. The Indian Journal oj 

Surgery, VII, 1, 1945. 

The authors describe a hereditary skeletal disease, not previouslj’ recognized, for which they propose 
the name of osteo-spondylosis condensans hereditaria. Examination of three brothers revealed bilateral 
bone changes, consisting of pronounced thickening and condensation of the flat bones and, to a lesser 
extent, of the long bones. Exostoses and ossification of ligaments and muscle insertions were observed. 
Concurrent involvement of the central nervous system, simulating the sjmdrome of amyotrophic lat- 
eral sclerosis, was an outstanding feature. In the patients studied, abnormal clinical signs appeared in the 
third decade of life and progressed in the course of about ten j’ears toward complete invalidism. Ex- 
cellent roentgenograms illustrate the article. — Robert M. Green, M.D., Boston, Massachusetts. 

The Tre.\tmext of Spondylolisthesis. Walter E. Dandj'. The Journal oj the American .Medical Asso- 
ciation, CXXVII, 137, 1945. 

The author continues to advance his method of spine fusion as the superior means of obtaining 
stabilization of the vertebrae. This study was begun with the thought that fixation of opposing vertebrae 
resulting from complete removal of an affected disc at the site of the spondjdolisthesis would produce 
a much simpler and more effective fusion of the spine than the customary fusion with bone grafts. The 
following unexpected conclusions have resulted from such a study on patients operated upon for spon- 
dylolisthesis; (1) that the spondylolisthesis is usually responsible for only part and at times none of the 
symptoms; (2) that in most (not all) instances it is not the spondylolisthesis or even the disc at its site 
that causes the symptoms, but rather another disc or discs; and (3) that cure usually depends more upon 
removal of the other disc or discs than on the one at the site of the spondylolisthesis, though this too 
must be extirpated. 

The principal reasons for these conclusions are listed, and it is the author’s impression from his 
analysis that the spondylolisthesis is but an incident in the field of ruptured discs, and that, on the whole, 
while it causes its share of symptoms, it causes less than the contiguous disc or discs. The reason for the 
development of spondylolisthesis is considered to be precisely the same as for defective discs, — that is, 
the outward shift in the lateral articulations in the lower three lumbar vertebrae, nearB' always most 
pronounced at the fifth lumbar. Here the joint is frequently turned outward 90 degrees from the direc- 
tion of those at the first and second lumbar vertebrae, and in addition the joint is sometimes flat and 
vertical and with little or no flanges to keep the joint surfaces from slipping. The signs and symptoms of 
spondylolisthesis are precisely the same as those of defective discs without spondylolisthesis; only the 
roentgenographic appearance makes the differential diagnosis. 

He then enumerates his points of dissatisfaction with spine fusion by- autogenous grafts: (I) It is a 
prolonged major operative procedure; (2) it is necessary for the patient to be hospitalized in a cast for 
two or three months; (3) many grafts are unsuccessful and many absorb; (4) infection is a real ’danger, 
with frequent loss of all of the graft, making subsequent operation for removal of discs difficult; and (5) 
the graft is contra-indicated and useless because it merely’ covers up the offending discs and adds nothin" 
to the fusion that follows complete removal of the discs. Following the author’s disc operation, there is 
no need for a cast, the patient can leave the hospital in a week to ten days, and a light corset is advised 
for two or three months. 
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The three most important items in the author’s treatment by removing the discs are: the complete 
removal of the affected discs; the recognition of multiple disc involvement; and the recognition of small 
(concealed) disc lesions. These three items are enlarged upon, and should be read in the original by all 
interested in the disc problem. Experiences similar to those of Dandy, if reported from another clinic, 
would strengthen the many assertions made by him, and should prove an advance in the care of these 
patients. — H. H. Beckering, M.D., Dallas, Texas. 

One Stage Combined Resection of the Ribs and Siunal Fusion fob Sevebe Scoliosis. William H. 

Bickel, John J. Hinchey, and 0. Theron Clagett. The Journal o} the American Medical Association, 

CXXVII, 139, 1945. 

This paper is based on eleven cases of scoliosis in which resection of ribs and immediate spine fusion 
were performed to correct the deformity of the thoracic wall and arrest the scoliosis. The ages of the 
patients varied from eleven to twenty-two years; the average age was sixteen years. Three patients had 
congenital scoliosis, one, as a result of poliomyelitis; the remaining seven cases were idiopathic. Previous 
treatment had consisted of the usual conservative orthopaedic measures. The eleven cases were operated 
upon over a period of thirteen years; the last eight, in the past four years. 

Preoperative treatment consisted of traction applied to the head and feet on a hyperextension frame 
for about ten days. Postoperativcly, the patients were kept on a straight Bradford frame for the next 
four weeks. Then a body jacket was applied with the aid of the Goldthwait frame, after which the patient 
was ambulatory for one week. After these seven weeks, a cast extending from the chin and occiput to 
the iliac crests was applied under vertical suspension. This cast was worn for about four months. This 
was followed by a corset or Taylor brace for another six months, at which time swimming and breathing 
exercises were begun. 

No correction of the curve by turnbuckle jackets or like methods was attempted. The number of 
involved ribs ranged from three to six. Usually from two to five inches of the ribs was resected, depend- 
ing upon the relation of the rib to the convexity of the curve. The number of vertebrae fused ranged 
from eight to fourteen, — the whole thoracic vertebral curvature was grafted in each instance. Lumbar 
vertebrae were included in the grafting procedure in all but two cases. 

Blood transfusions were used as indicated. The only complication was pleural effusion in three 
cases. In all cases, bone fusion was complete at the end of six to nine months. When there was regenera- 
tion of the resected ribs from the periosteum, the new portion conformed to the corrected contour of 
the thoracic wall. — Brandon Carrell, M.D., Dallas, Texas. 

The Clinical Diagnosis, Pbognosis and Tkeatment of Acute Hematogenous Osteo.myelitis. Frank 

D. Dickson. The Journal oj the American Medical Association, CXXVII, 212, 1945. 

The facts presented by the author are based on a study of 295 cases of acute hematogenous osteo- 
myelitis treated over a period of the last fifteen years. The staphylococcus is the offending organism in 
about 90 per cent, of the cases, usually the hemolytic staphylococcus aureus. The next most common 
organism found in culture is the streptococcus; occasionally a pneumococcus is found. In children under 
two years of age, the streptococcus is far more frequently found, — from 40 to 50 per cent. 

The pathogenesis of the bone lesion is thoroughly discussed, and is clearly outlined; the theories as 
to the reason for the location of the bone abscess are explained. The clinical picture of the patient is 
well described and discussed. The usual laboratory findings are mentioned, and the differential diag- 
nosis consists of: pyarthrosis, cellulitis, and rheumatoid arthritis. 

The prognosis depends upon whether the case is one in which there is a transient bacteriaemia with 
the formation of a local bone abscess, or whether it is one in which a true septicaemia is present with 
pyaemia. In the former, the prognosis as to recovery is good ; in the latter, it is grave, and a fatal out- 
come is a frequent result. The prognosis, so far as healing of the local bone focus is concerned, is poor. 
A great majority of the patients three years of age or older pass on to the chronic stage; in infants, 
however, there is little tendency for the disease to become chronic. The difference in the behavior of 
bone in extremely young children compared with older children and adults has been considered due to 
the following : The infection in young children is frequently a streptococcus ; the large cancellous spaces 
in the bones of the infant allow the infection to pass more readily from the site of origin into the sub- 
periosteal space, and the periosteum, being loosely attached in the infant, separates readily or rup- 
tures, thus affording early drainage for the infection and ensuring minimal bone destruction ; dead bone 
in young children absorbs very quickly, and formation of new bone is rapid. 

Treatment in the infant should be directed toward the patient as a whole, and should be conserva- 
tive, little attention being paid to the bone. Supportive treatment, prevention of dehydration, and im- 
mobilization of the extremity are the essentials. Antistaphylococcus serum should be administered, and 
the sulfonamides or penicillin should be used. Local treatment of the bone should be guided by the 
pathology present. Drainage by aspiration, incision and drainage of the soft-tissue abscess, and drill- 
in“' and drainage of the bone are the means at hand, and they should be as conservative as possible. 

Treatment in children over tivo years of age, in adolescents, and in adults should be carried out 
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along several lines— general supportive measures, chemotherapy, administration of staphylococcus an- 
titoxin, and management of the local bone disease. Parenteral fluids and blood transfusions, relief of 
pain by analgesics or opiates, staphylococcus antitoxin, sulfonamides, penicillin, and possibly bacterio- 
phage should be used. 

The differences of opinion as to the management of the local bone disease in these older patients 
are discussed. The author favors drainage of the bone abscess as soon as septicaemia is controlled and 
the general status is good. — D. K. Barnes, M.D., Dallas, Texas. 

Aseptic Necrosis op the Epiphyses and Short Bones. Eoentgen Studies. Howard P. Doub. The 

Journal oj the American Medical Association, CXXVII, 311, 1945. 

.4reas of necrosis involving the epipliyses and also the primaiy centers of ossification in certain of 
the short bones have been described by different observers, and the name of the original observer has 
been attached to the lesion. These diseases have been known also under more general headings, — such 
as, epiphysitis, osteochrondritis, and subchrondral necrosis. It is now generally accepted that they rep- 
resent the same underl 5 dng pathological process, although there is no general agreement as to the exact 
etiological agent. 

The following are the theories advanced to explain the occurrence of areas of necrosis in the short 
bones and epiphyses: endocrine dysfunction; trauma; vascular occlusion, induced by trauma; and em- 
bolic vascular occlusion. These lesions are considered to be those of aseptic necrosis. There is actual 
death of the ossifying nucleus, which is followed by fragmentation, irregular absorption, and finally by 
replacement through so-called creeping substitution or recalcification. The necrotic bone in children is 
nearly always replaced by new bone, and the replacement proceeds more rapidly than in adults. The 
cartilage may show evidence of nutritional disturbance in places, but in large part it remains alive and 
may become thicker than normal, taking part in further epiphyseal growth after the necrotic bone has 
been replaced. 

The author discusses conciselj' the following: osteochrondritis deformans juvenilis of the femoral 
head; slipping of the upper femoral epiphysis; epiphysitis of the tibial tubercle; aseptic necrosis of the 
tarsal scaphoid; infraction of the head of the second metatarsal; and kyphosis dorsalis juvenilis. No ad- 
ditional knowledge is presented, but this article is an excellent review of the subject. 

A list of the various lesions, and the date of the first description of each by the author given the 
credit for its discovery, is included and is very interesting and valuable.—!). K. Barnes, M.D., Dallas, 
Texas. 


The Clinical Diagnosis, Treatment, and Prognosis of Epiphysial Disturbances in Childhood. 

Wallace H. Cole. The Journal oj the American Medical Association, CXXVII, 318, 1945. 

The roentgenological aspects of this subject havdng been ably presented in the paper by Doub, the 
present author has confined himself to the clinical aspects and management of the various osteochron- 
droses, as they are officially termed. 

Osteochrondrosis of the femoral head is common, and is often diagnosed by the family physician 
on the clinical findings. About 85 per cent, of the cases occur in males from three years to teen age ; an 
onset after the age of twelve is very rare. The clinical findings are reviewed, and the various means of 
treatment by non-weight-bearing by the softened femoral head are presented. Prognosis depends upon 
the amount of deformity of the femoral head produced by weight-bearing. 

Slipping of the pro.ximal femoral epiphysis may be confused clinically -with osteochrondrosis of the 
same epiphysis, but it occurs twice as often in boys as in girls; and, in about 70 per cent, of the cases, 
the body build resembles that of the Frohlich type of individual. The smaller percentage of patients 
are apparently normal physically, or are the tall, thin, and rapidly growing type. The posterior and in- 
ferior displacement of the head is corrected by strong skeletal traction, by manipulation, by open re- 
duction, or by osteotomy of the neck of the femur. The position must be maintained until the epi- 
physis closes, and this may be hastened by various procedures. Prognosis depends upon the correction 
obtained, and upon the configuration of the joint components. 

Vertebral epiphysitis does not occur until puberty, as the epiphyseal plates develop at that time. 
Most cases are seen in boys between fourteen and seventeen years of age. The usual symptoms and 
findings are reviewed. Treatment is directed toward the prevention or correction, if possible, of the 
deformity of the increased dorsal kyphosis, until the spinal epiphyses unite with the bodies of the ver- 
tebrae. 

Osteochrondrosis of the tibial tubercle is seen usually in active adolescent boys and does not lead to 
permanent disabiUty. The signs and ^mptoms are reviewed, and the various means of treatment, aimed 
at relieving tension on the patellar tendon, are presented. Apophysitis of the os calcis never has any 
residual disability, and it is treated by reducing the pull of the tendo achillis. Osteochrondrosis of the 
lead of the second metatarsal is treated by rest and protection until the epiphysis unites, when there is 
no longer any disability. 
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Tlie author recommends the concomitant use of thyroid, altliough he does not believe it to be a spe- 
cific. In the discussion of these papers, W. Edward Chamberlain questioned the use of the term aseptic 
necrosis for the various osteochrondritides. Dallas B. Phemistcr defended the use of the term necrosis 
and brieflj'^ reviewed the pathology . — Brandon Currell, M.D., Dalian, Texas. 

RaSSASIVAUSHYSIA METALICHESICY SI’LAV “oSTEOSINTESIT” ILMC MATEItlAL imi.\ SKUEI'LENIA kosti pri pere- 

LOMACH (An Absorbable Alloy, “Osteosynthesit”, as a Material for Bone Fi-xation in Fractures). 

V. V. Troitsky i D. N. Zitrin. Khirurgijia, VIII, 41, 1944. 

An alloy bearing the name of osteosynthesit was made by the authors. Their intention was to cre- 
ate a metal capable of absorption by the end of the jrcriod of consolidation in fractures. 

The allo 3 ’^ consists of magnesium, with the addition of minute quantities of cadmium. Experimen- 
tal investigations showed that the osteosynthesit plates introduced into the animal body immediately 
reacted with the surrounding tissues, producing magnesium salts and free hy'drogen. No local irritation 
occurred, however. The formation of magnesium salts stimulated the development of bone callus. The 
rate of absorption for a plate two millimeters thick is such that it retains its mechanical efficiency for 
from six to eight weeks in wounds with normal acidity. The plate is comjjletely resorbed in from ten 
to twelve months. 

In wounds with increased acidity the rate of ab.sorption is hastened, but so is the rate of bone con- 
solidation. In the presence of neutral or alkaline reactions, the plates either do not absorb or the re- 
sorption is very slow. The authors state that out of thirty'-four reported clinical observations, twenty- 
five were successful ; the remaining nine were not satisfactory. However, the cause of failure in the nine 
cases could not be attributed to the alloy. 

Further experiments are being conducted by the authors witli variou.s nails, sci’ews, plates, hooks, 
wire, and hemostatic clips for the brain, and some of these have already been used successfully in human 
surgery . — Emanuel B. Kaplan, M.D., New York, A’. T. 

A New Method of Digital Skeletal Tr.vction. Thomas B. Quigley and Mai'shall R. Urist. Medical 

Bulletin o} the Office of the Surgeon, European Theatre of Operations (Publication Restricted to 

Officers of the United States Army), No. 30, p. 5G, Apr. 1945. 

The authors point out the disadvantages of the various devices in common use for digital skeletal 
traction, and describe a new technique which the.v have devised and found satisfactory in their experi- 
ence with over fiftj’’ finger’s. 

The absence of important str’uctures in the middle third of the dorsirm of the middle phalanx per- 
mits insertion of the authors’ skeletal tr’action device. Thr'oirgh a very short incision in the skin, and 
under local anaesthesia, a sifnall drill hole is made through the cortex of the dorsum of this phalanx, and 
a piece of wire, bent to the shape of a fishhook (or a small No. 4 fishhook, the bar’b of which has been 
removed), is inserted into the medullar’y cavity of this phalanx. Elastic tr’action is applied to a loop at 
the end of the shank of the hook-shaped wire. Motion of the metacarpophalangeal joints is carried out 
passively by' the surgeon, through a complete range of motion, ten or fifteen times daily', beginning from 
five to seven days after the insertion of the hook. Active exercise of the interphalangeal joints is insti- 
tuted, under supervision, as quickly as the condition of the hand permits. The usual roentgenographic 
check of the position of the fragments is carried out. and the tension and line of pull of the elastic are 
adjusted to correct angulation or distraction. 

Tenosuspension Operation for Habitual Disloc.ation of the Shoulder. M. S. Henderson. Proceedings 
of the Staff Meetings of the Mayo Clinic, XIX, 5, 1944. 

The author reports fifty-five tenosuspension operations for recurrent or habitual dislocation of the 
shoulder. The operations were performed over a period of nineteen y'ears. The primary' cause of disloca- 
tion varied greatly', including almost every conceivable type of trauma. The operation is an extra- 
articular suspension accomplished with the aid of a fiee transplant of the peroneus longus tendon. The 
tendon is used because it is stronger and handled more easily than fascia lata. 

The technique of the operation is as follows: The incision through the skin may be of the saber 
ty'pe, two straight incisions, one in front and one posteriorly, or four small incisions. Next, holes are 
drilled through the tip of the acromion process and through the head of the humerus. The latter hole 
should be sufficiently far out on the greater tuberosity' to prevent opening the joint. After the drill holes 
are made, the tendon transplant is removed from the leg, via two small incisions, one just above the outer 
border of the foot where the peroneus longus tendon crosses to the plantar aspect, and the other ten 
centimeters above the lateral malleolus. The tendon is then severed above in a Z fashion and drawn out 
through the incision below. Half of the diameter of this tendon can then be taken; it should be six to 
eight inches long. The remaining portion of the tendon is replaced and is resutured at the site of the Z 
of the proximal portion of the peroneus longus. The piece of tendon removed is threaded through the 
previously' prepared drill holes. With the arm at the side, the tendon is sutured together after a fair 
amount of tension is placed on the structure. Care is taken that the tendon transplant is deeply placed 
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beneath the deltoid muscle and rests snugly down on the joint capsule. Thus two suspensorj' ligaments 
are constructed, one anterior and one posterior. 

The patient is put to bed, and a sling holds the arm to the side. Xo abduction is permitted for 
about two weeks, and then only 20 to 25 degrees. Right-angle abduction is not allowed for three months. 

Of fifty-fi\e operations on fift3--one patients, fifty, or 91 per cent , were successful. The aierage age 
was 25 6 years. There weie ele% en females, and forty males. There was little if anj- re-tnctioh of motion. 
In this group the time iiiten al since the operation a aried from fifteen months to nineteen years. Three 
failures in this senes were in epileptic patients — J. L LeXoir, M D , Iona City, Iowa. 

SiGMFiciNT Skelet\l iRnEGULiRiTiES OF THE H.VNDS Jolin F. Holt and Fred. J. Hodges. Radiology, 

XLIV, 23, 1945 

Routine roentgenographic examination of the hands is as \ aluable a diagnostic procedure as oph- 
thalmoscopy in the lecognition either of generalized g'stemic disease or of a locahzed pathological 
process in «ome remote portion of the body. Great care should be used in makmg the films so as to 
produce a result of the greatest aalue. Todd’s monograph on skeletal maturation of the hand is not only 
a a aluable means of determining bone dea'elopment, but also constitutes an excellent norm to be used 
for comparatiae purposes 

Many endocrine disturbances are rea ealed by bone changes in the hands. Acromegal3^ presents 
broad spade-like hands aaith oa-ergroaath of the terminal phalangeal tufts, prommence of bon3' protuber- 
ances along the shafts of the metacarpals and phalanges, and a pecuhar soap-bubble pattern of distorted 
trabeculae m the bone ends Cretinism is rea ealed b3' dela3’ed epiphyseal ossification, and b3’ bands of 
increased densit3' in the ends of the tubular bones Response to therap3’ is indicated b3' subsidence of 
these changes ^longohan idioc3" can be differentiated from cretinism on the basis of bone changes 
alone In mongolism the findings are those of relatia el3' normal bone dea elopment and congenital 
shortening of the middle phalanx of a stubby cura'ed fifth finger. Other findings of endocrine disturb- 
ances are. the fibroc3'stic bone lesions of h3'perparath3T0idism and of pol3’ostotic fibrous d3'splasia; and 
the penpheral degeneratia e changes of progena. 

Congenital anomalies as seen in the hands are not onl3’ local changes, but ma3' also be a part of 
more andespread disturbances. D3’sostosis cleidocramahs shows charactenstic changes m the hands The 
ungual phalanges are short and cone-shaped. There is also failure of dea elopment of the usual prominent 
cancellous tufts. The metacarpals, as well as the proximal and middle phalanges, haa e supernumerary' 
epiphyses which fuse earlier in life than do the normal All epiph3'ses appear broader than normal, par- 
ticularly in the terminal phalamx of the thumb In achondroplastic dwarfs, the second to fifth meta- 
carpals are short, stubb3’’, of nearl3' equal length, and the ends are often quite bulbous The phalanges 
hkeaaase are short and broad In Morquio’s disease, the ends of the metacarpals and phalanges are 
grossly irregular, and the carpal bones displa3' a crenated appearance as well as dela3 ed skeletal de\ el- 
opment Hurler’s syndrome (gargoyhsm) shows short broad metacarpals, middle phalanges with an 
arrowhead configuration, and a coarse prominent trabecular pattern Arachnodact3'ha is staking because 
of the exceedingly long metacarpals and phalanges, and the presence of supernumerary' epiphyses In 
this disease, congenital dislocation of the lenses of the eyes, and congemtal heart disease should be 
looked for 

The majority' of changes seen m trophic disturbances are quite similar, and consist in slow spon- 
taneous amputations of the phalanges In addition to this ty'pe of resorption, there may be scleroderma 
and calcinosis, as well as extensive osteoporosis of the juxta-articular portions of the phalanges and 
metacarpals, soft-tissue contractures, and soft-tissue calcium depositions 

Chrome granulomata may' be local lesions of the hand or may seiwe to direct attention to a sy'stenuc 
in\ olvement, as m spina x entosa or tuberculous dacty'htis Boeck’s sarcoid and osteitis tuberculosa multi- 
plex cy'stica are more likely' the same lesion, and hax'e only an obscure relation to tuberculosis These 
lesions are not always punched-out and cystic m character, but may' begin merely' as a eoarsemng of the 
bony' trabeculae, following which areas of both cortical and central destruction appear 

Chronic pulmonary' oi mediastinal disease rex eals itself readily' m the fingers as pulmonary' osteo- 
arthropathy' In addition to the soft-tissue clubbing, periosteal proliferation is noted along the shafts of 
the metacaipals and phalanges Its occurrence is greater in non-tuberculous lesions Since its progres- 
sion, regression, and sex entx' x ary with the course of the chc't lesion, roentgenograms of the hand can 
be Used as an indication of the course of the thoracic lesion These changes are particularly' noted m the 
perio-teal proliferation 

Though the moth-eaten lesions of leukaemia are more commonlx- seen m the long bones, they may' 
also be seen m the hands In eiy'throblastic anaemia, the findings m the hands are clear-cut The meta- 
tarpals and phalanges take on a characteristic rectangulai shape , the medullarx' canals are dilated , the 
cortices are thinned, and the shafts are traxersed by' a coarse irregular meshwork of dense, broadened 
trabeculae standing out against the background of osteoporosis 

The chrome arthntides hax e their characteristic lesions Gout -hows its ty'pical mtramedullarx' and 
extramedulkiry' destruction secondary to tophi Chondromata when seen should direct attention to 
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other bones in the body. Osteopoikilosis, osteopetrosis, and melorlicostosis arc scon. Tuberous sclerosis 
sometimes produces rarefactions in the phalanges. 

The authors include with the article a series of roentgenograms illustrating many of these findings. 

— William FI. Wright, M.D., Santa Monica, Calijornia. 

Tuberculosis of the Greater Trochanter and its Bursa. P. C. Bricde. Radiology, XLIV, 32, 1945. 

Tuberculosis of the greater trochanteric bursa is rare, and is usually secondary to tuberculous osteo- 
myelitis of the greater trochanter, which itself is often associated with tuberculosis elsewhere in the body, 
either active or inactive. Wieting in 1904 demonstrated the presence of the tubercle bacillus as the etio- 
logical agent in trochanteric bursitis, declaring that the primary infection spread from the trochanter to 
the bursa. 

The condition has been found in all ages and in both se.xes. Trauma was thought to be the most 
constant precipitating factor. The usual complaint was mild pain in the involved leg over a long period 
of time. Slight swelling was present behind the greater trochanteric area, with tenderness to pressure. 
There was no heat or redness. Weight-bearing was usually painless, and motion of the hip was free. 
However, on extension into the neck and hip joint, motion was limited, and weight-bearing was painful. 
Draining sinuses were common. Active or inactive tuberculosis in other portions of the body was a com- 
mon finding. Early roentgenographic evidence consisted of a small fleck of calcium in the bursa, or a 
minimal area of destruction in the trochanter. (These findings are best demonstrated with a soft-tissue 
technique.) The later and more usual appearance on the roentgenogram was: an area of destruction in 
the greater trochanter, with an area of osteoporosis in the shaft; soft-tissue swelling, with deposition of 
calcium; and occasionally a sequestrum lying adjacent to the trochanter. Simple inflammatory bursitis 
is differentiated by the acuity of symptoms, and the rapidity of response to simple therapeutic measures. 
Non-specific osteomyelitis of the trochanter may be identical in appearance, but the past history is 
indicative. 

Effective therapy consists in total excision. When the disease is limited to the bursa or involves 
only a small portion of the trochanter, excision results in cure. Recurrences are common in a high per- 
centage of the cases. Extension into the hip joint is a serious complication. Four cases are presented to 
illustrate these points. — William H. Wright, M.D., Santa Monica, California. 

CoNTRiBUCioN AL ESTUDio DE LA LUXACION DE ROTULA (Dislocation of the Patella). L. Sierra Cano y A. 

Sanchez Trallero. Revista Espafwla de Cirugia, Traumatologia y Ortopedia, I, 112, 1944. 

The authors refer to the lack of unanimity as to the nomenclature, the pathomechanics, or the 
treatment of dislocation of the patella. It is a rare deformity, only two cases having been observed 
among 1,800 patients in the authors’ clinic. They prefer Buzby’s classification of congenital, traumatic, 
and structural (following poliomyelitis, rickets, and genu recurvatum). Exaggeration of physiological 
valgus tends to dislocation; but dislocation is also seen in genu varum. Aplasia of the external condyle 
is another etiological factor, as may be the small size of the patella. Internal torsion of the lower end 
of the femur is sometimes found. Alterations in the ligamentous apparatus, such as rents in the articular 
capsule, contracture of the soft parts, and shortening of the vastus lateralis and iliotibial band, are also 
causative factors. The different causes play a part in various cases. 

Indications for treatment vary according to the period of evolution and the seriousness of the lesion. 
Operation is indicated only at the first appearance of disturbance in function, and not when the deformity 
is first discovered, because frequently it causes no symptoms throughout life. Conservative treatment of 
congenital dislocation of the patella consists in physiotherapy for the quadriceps apparatus. Many oper- 
ations have been described stressing one pathological lesion, — such as osteotomy of the femur, correcting 
the valgus and the rotation, and raising the external femoral condyle, which is a difficult procedure and 
leaves much to be desired; it should not be used before growth is completed. There are several opera- 
tions on the capsular ligamentous apparatus. Capsulorrhaphy has not given good results. Anchoring of 
the patella by fascia lata to the internal condyle has been successful. Following its introduction by Roux 
in 1888, many surgeons have transplanted the patellar tendon. This has been criticized, because it may 
limit the power of extension of the patella. 

The authors’ two cases are reviewed in detail. One patient was a boy of eight years, with frequent 
dislocation of the patella. There was no valgus or flattening of the condyle. A myoplastic procedure at 
the expense of the vastus medialis held the patella in good position, and a good functional result was 
obtained. 

A second patient, eighteen years of age, had had two dislocations. There was no arthritis or func- 
tional alteration. Therefore, intervention was not indicated. — John G. Kuhns, M.D., Boston, Massachu- 
setts. 

La Osteoperiostitis Brucelosica (Osteoperiostitis in Brucellosis). Carlos A. Videla y Jose A. Scodeller. 

La Revista de Mcdicina y Ciencias Afines, VI, 893, 1944. 

Most of the cases of brucellotic osteoperiostitis are due to brucella melitensis. The chief symptom 
is pain, usually about one of the joints. It may appear at any stage of the disease. The joints most fre- 
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quentlj"^ affected are the spine and sacro-iliac joints, and there the disease process produces an osteitis 
of the vertebral body, with a flattening or loss of disc space, and occasionally a paravertebral abscess. It 
is comparable to Pott’s disease. Sciatica may accompany sacro-iliac involvement. 

Osteitis and osteoperiostitis are less common. Clinically, such conditions occur as inflammatory 
swellings along the shafts of the long bones. Occasionally, a purulent collection forms, which may drain 
spontaneously or have to be drained, but which usually regresses spontaneously. The inflammatory re- 
action in the medullary canal produces the deep-seated, boring pains. 

Pathologically, the first phase of osteoperiostitis is a mild decalcification of the cortex, around which 
a thickened sleeve of periosteum forms. Sequestration does not occur. As the lesion heals, the periostitis 
may undergo regression, or may result in hyperostotic periostitis. Some cases are accompanied by a 
“cold” abscess, and others by an acute “pyogenic” swelling, depending on the virulence of the organism. 

In addition, the authors report a case of brucellotic periostitis, in which the periostitis in the long 
bones occurred and disappeared with each febrile reaction. This is extremely unusual. — Victor Rich- 
ards, M.D., San Francisco, Calijornia. 

Lu.x.«iox’s PERiLDX.rmES RECEXTES (Recent Perilunar Dislocations). R. Soeur. Revue d’Orthopedie et 

de Chirurgie de I’Appareil Moteur, XXVII, 5, 1941. 

To eliminate confusion in the nomenclature of traumatic displacements of the lunate bone, the 
author groups them under the name of perilunar dislocations. These are divided into displacements of 
first, second, and third degree. 

In the first, the lunate bone retains its relation to the distal end of the radius, but loses contact 
with the head of the capitate. In the author’s series, these dislocations were always accompanied by 
fractures of the scaphoid. Closed reductions were usually obtained, although immobilization was pro- 
longed on account of the scaphoid fracture. 

In the second-degree dislocations, the lunate is enucleated from under the radial articular surface, 
but still remains in front of its normal place in the carpus, because the anterior radiolunar connection is 
not tom. These dislocations were observed without fractures of the scaphoid, but constantly presented 
signs of pressure on the median nerve. These fractures of the scaphoid required open reduction with 
immobilization for a short time. 

In the third group, the lunate is completely dislocated along the surface of the radius, losing con- 
tact with the carpus because the ligaments are completely torn. The dislocation is always accompanied 
by additional fractures and dislocations of one or more bones of the carpus. — Emanuel B. Kaplan, MJ)., 
New York, N. Y. 

■ Le traitement DU PIED CONVEXE v.ALGUs CONGENITAL (Treatment of Congenital Conve.x’ Pes Valgus). 

J. Leveuf. Revue d’Orthopedie et de Chirurgie de VAppareil Moteur, XXVII, 129, 1941. 

The name of the deformity was proposed by Lamy and adapted by the author for reasons of anal- 
ogj’ and difference with the known deformity of talipes planovalgus. 

The characteristics are: .An equinus of the hind foot; dorsiflexion of the forefoot, the axis of rota- 
tion being in the midtarsal joints; strong abduction of the metatarsals in relation to the hind foot, cre- 
atmg a concavity of the external border of the foot and a convexity of the medial border, centered over 
the head of the astragalus. 

The author recommends a two-stage procedure: 

1. Lengthening of the retracted peroneal tendons and the common extensors. Wedge osteotomy 
with a medial base of the midtarsal joints. Reinsertion, under tension, of the tendon of the tibialis pos- 
terior muscle. In case of severe pronation of the forefoot, a transplantation of the common extensor to 
the medial side of the foot may be useful. 

2. Lengthening of the .Achilles tendon for correction of the equinus. — Emanuel B. Kaplan, M.D., 
New York, N. Y. 

A pRopos DE 21 CAS d’osteochondrite de l’epiphyse femorale superiedre “coxa plana” (On Twenty-One 

Cases of Osteochondritis of the Upper Femoral Epiphysis — Coxa Plana). J. Bouquier, J. Clenet, et 

H. Leveau. Revue d’Orthopedie et de Chirurgie de I’Appareil Moteur, XXVII, 285, 1941. 

* According to the study made by the authors, osteochondritis of the superior femoral epiphysis is a 
non-mflammatory, acquired disease. It follows a congenital malformation of this region and is due to 
several elements of a predisposing anatomical nature. The acetabulum is congenitally the most fre- 
quently affected, next the head, and then the neck of the femur. Due to the congenital malorientation, 
the normal axis of the hip joint is changed. With the beginning of standing and walking, constant mild 
trauma takes place, which has repercussions on the contiguous bones of the joint, because the axis of the 
joint is not normal. .Accidental injury aggravates the condition. If the central arterj' of the femoral head 
and the nerve supply to the joint are affected, the venous circulation becomes involved, suddenly or 
gradually. The veins of the head and neck have no anastomoses in early childliood. This functional dis- 
turbance of the return circulation is responsible, according to the authors, for the lesions characteristic 
of epiphysitis of the upper femoral epiphysis. Reorganization of the venous return takes place slowly. 
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During this period of evolution, however, the softened head is compelled to abandon the irregular ace- 
tabulum in part, and to adapt itself to a new joint. 

Thus the head of the femur, deformed by osteochondritis, is in itself not a coxa plana, but a late 
adaptation of an osteochondritic head to an acetabulum flattened by co.xa plana. — Emanuel B. Kaplan 
M.D., New York, N. Y. 

La section DES branches AUTICULAIRES DU NERF OBTUUATEUR dans LE TRAITEiMENT DE l’.irthrite chronique 
DE LA hanche (Divisiou of the Articular Branches of the Obturator Nerve in the Treatment of 
Chronic Arthritis of the Hip). L. Tavernier et P. Truchet. Revue d’OrUiopedie el de Chirurgie de 
I’Appareil Moteur, XXVIII, 62, 1942. 

The authors report their results in twenty-one patients with painful chronic arthritis of the hip, re- 
lieved of pain by a single division of the obturator nerve supplying the capsule. In nine patients the re- 
sult was very good, seven were completely relieved of pain, two were improved, and in only three was 
there complete failure. 

The procedure is indicated in all forms of chronic arthritis — with pain, alone or accompanied by con- 
genital deformity, due to trauma, or secondary to operative interference. The results obtained are im- 
mediate and remain satisfactory. 

The purpose of the operation is to eliminate the sensory nerve supply to the capsule. The method 
was first proposed by Camitz in 1933 ; the first patients were operated upon by the authors in 1936. 

The nerves supplying the capsule of the hip joint have posterior branches (from the sciatic, poste- 
rior cutaneous nerves, and the nerve of the quadratic femoris), and anterior branches (from the femo- 
ral and obturator nerves). 

The most important branches transmitting sensory stimidi come from the deep ramus of the obtu- 
rator nerve in its passage through the obturator foramen. 

The obturator nerve is approached through an incision from below the pubic spine to the apex of 
Scarpa’s triangle. The saphenous vein is retracted, and the space between the long adductor and pec- 
tineus muscles is located. On separating those two muscles, one finds the superficial branch of the ob- 
turator spread on the surface of the adductor brevis. Following this branch upward, the deep branch of 
the obturator is located and avulsed by rolling it around the jaws of an artery forceps. 

In the opinion of the reviewer, this procedure may be of great practical interest. — Emanuel B. Kap- 
lan, M.D., New York, N. Y. 

LeS LESIONS DE LA TETE DU FEMUR PROVOQUEES P.VR LES TBNTATIVES PROLONGEES DE REDUCTION ORTHOPE- 
DiQUE DANS LES LU.x^iTiONS coNGENiTALES DE LA HANCHE (Lesions of the Head of the Femur in Con- 
genital Dislocation of the Hip Produced by Prolonged Conservative Orthopaedic Treatment). J. 
Leveuf et R. Leroux. Revue d’ Orthopedic et de Chirurgie de I’Appareil Moteur, XXIX, 65, 1943. 
The relationship of deformity of the head of the femur to closed reduction of congenital dislocation 
of the hip is not well established. There are few reliable reports based on actual microscopic studies of 
the deformed heads of the femur. 

The authors made a microscopic study of biopsy material from seventeen patients. In fourteen pa- 
tients, competent orthopaedic surgeons made several attempts toward closed reduction with long im- 
mobilization, but perfect reduction was not obtained in any instance. The patients were subsequently op- 
erated upon, and a biopsy of the cartilage of the head was done in each case. The material thus ob- 
tained constituted the subject of this study. For purposes of control, a biopsj'’ was performed on three 
patients who had an open reduction immediately following the first unsuccessful attempt at closed re- 
duction. In the three control cases, the cartilage was found to be normal. The fourteen patients treated 
were divided into three groups; (1) those immobilized after reduction of from four to twelve months; 
(2) those immobilized for from ten to sixteen months; and (3) those immobilized for from fourteen to 
thirty-nine months. After these periods of immobilization, it was found that the femoral heads were all 
deformed. In each group there were typical pathological changes of the cartilage. 

The authors believe that the abnormal changes of the head are not due to injuries of the round 
ligament or synovia, but to prolonged pressure exerted on imperfectly reduced femoral heads. — Eman- 
uel B. Kaplan, M.D., New York, N. Y. 

Les formes atypiques de l’osteochondrite INFANTILE DE l'epiphyse femorale supbrieur (Atypical 
Forms of Infantile Osteochondritis of the Upper Femoral Epiph 3 'sis). A. Aimes. Revue d’Ortho- 
pedie et de Chirurgie de I’Appareil Moteur, XXIX, 78, 1943. 

The author describes six types of osteochondritis, besides the usual well-known type. 

The usual t 3 'pe is characterized by flattening of the epiphysis, which becomes fragmented and broad- 
ened beyond the femoral neck. The epiphyseal plate i.s wavy and irregular, and the neck is shortened and 
enlarged. (Twent 3 ^-seven patients with these symptoms were followed.) 

In addition, the author describes the hypertrophic type which presents, when healed, a very large, 
round head. Sometimes the head is larger than the acetabulum, and in these cases a secondary shelf is 
observed. Fourteen patients of this t 3 'pe were observed. 


the journal of bone and joint surgery 



CURREN'T LITERATURE 749 

Another type is characterized by ver 3 " long evolution, with no definite signs of healing for four or 
five years. 

Calve described a type with acute onset. Four patients of this type who were treated by the author 
had intermittent attacks of pain, in one instance accompanied by fever. 

The autlior describes an acetabular type of osteochondritis, not involving the head. Seven patients 
in this group are mentioned. 

Si.v patients tending to develop stiffness and anki'losis of the hip were also observed. 

The sixth type is associated with congenital dislocation, and maj' be of the usual, or hj’pertrophic, 
form. Ten cases of this group were seen by the author, of which two were of the hypertrophic type. — 

Emanuel B. Kaplan, M.D., New York, N. T. 

L'osteotomie sous-troch.\nteriexxe iNDic.iTioxs — RESULT.iTS (Subtiochanteric Osteotomy: Indications 
and Results). R. Charrj' et G. Charrj'. Revue d'Orthopedie el de Chirurgie de I’Appareil Moteur, 
XXIX, 99, 1943. 

Thirty osteotomies in twenty-five patients are reported. In twenty-four cases angulated plates were 
used for osteosynthesis. 

The following are the conclusions of the authors based on twenty-four excellent results, one satis- 
factorj', three doubtful, and two failures: 

1. ' Osteotomies without bone fixation may lead to failure. 

2. In cases of arthritis deformans, in addition to the osteotomy, a resection of the obturator nerve 
is very important. 

3. It is important to immobilize both hips in plaster. The immobilization of the normal side should 
be maintained for at least twenty days. 

4. One of the aimoying complications is stiffness of the knee on the affected side, which should be 
prevented by early phj’siotherapy. 

5. If the plating is satisfactoiy and the bones are not unusually porous, immobilization should not 
extend beyond forty-five days. After sixty-five or seventy days the patient should be able to walk. 

6. In osteotomies for old dislocations of the hip or for pseudarthrosis of the neck of the femur, the 
angulation after osteotomy should be at least 90 degrees. 

The operation is indicated in unreduced congenital dislocations, in arthritis deformans, irreducible 
traumatic dislocations, and pseudarthrosis of the neck of the femur. — Emanuel B. Kaplan, M.D,, .Vein 
York, iV. Y. 

Tr.«tembxt des SUBLU.X.ITI0X3 coxGExiTALES pRijUTiVES DE LA HAXCHE CHEZ l’exfant (Treatment of 
Primary Congenital Sublu.xation of the Hip in Children). M. J. R. Barcat. Revue d'Orthopedie et 
de Chirurgie de I’Appareil Moteur, XXIX, 129, 1943. 

The treatment of congenital subluxation depends on the age group of patients. The author recog- 
nizes three groups: (1) from birth to eighteen months; (2) eighteen months to eight years; and (3) 
eight to fifteen years. 

In the first group, the treatment is prophylactic. In the presence of signs of femoral mobility, as 
indicated by the methods of Putti and Hilgenreiner, the treatment bj^ abduction is indicated. In the 
presence of shallow acetabula only, the patient is kept under observation without treatment but with 
roentgenographic control ever>' three months; he is not permitted to walk until complete restitution of 
the acetabula has taken place. 

In the second group, the author believes that conservative treatment is entire^' unsatisfactoiy. 
Operative treatment at the earliest possible age is recommended. The purpose of the operation is re- 
placement of the head in the acetabulum, rvith a corresponding correction of the valgus and anteversion, 
by an appropriate wedge resection of the base of the neck. 

In the third group, the author divides the treatment according to the type of defonnity. If the 
acetabulum is well developed, a wedge resection of the base of the neck, correcting the anteversion. is 
•sufficient. If the acetabulum is well developed but does not hold the head of the femur, a more prominent 
roof of the acetabulum is to be obtained by operation; and, simultaneously, a wedge resection of the 
base of the neck is performed to correct the valgus and the anteversion. 

If the acetabulum is completely insufficient, the author recommends its reconstruction and also a 
derotation osteotom 3 -, if anteversion is present; or a wedge osteotomy of the base of the neck if there is 
valgus in addition to the anteversion. 

The author warns against neglecting the treatment of subluxation on one side, if there is a coexisting 
complete dislocation on the other side. — Emanuel B. Kaplan, M.D., Xew York, .V. Y. 

Tre.\t.mext of Fr.\ctures of the TmuL Coxdyles. Robert A. Knight. Southern Medical Journal, 
XXXVHI, 246, 1945. 

This series reports 134 eases of fractures of the tibial condjdes, eightj'-one treated conservatively, 
and fifty-three bj' operation. Conservative treatment is used when there is onK- moderate displacement, 
and not more than one-fourth-inch depression of the condyle. After reduction of the fracture and aspi- 
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ration of the joint, if distended, a plaster east is applied for three weeks, followed by active motion and 
physiotherapy for three more weeks. Then a knee brace is applied, but weight-bearing is not allowed 
for ten weeks. Operative treatment is used, if there is appreciable depression of the articular surface. 
The cruciate ligaments, or collateral ligaments, may have to be repaired. The incision should be large 
enough to explore the joint cavity. The meniscus may have to be removed. After the depressed condyle 
has been elevated, a bone graft is necessary to hold it up in place. Internal pin fixation holds the graft 
and fracture in place. Cancellous bone taken from the femoral condyle makes an excellent graft. Mal- 
united fractures are treated by osteotomy and bone graft. 

Postoperative care includes a plaster spica with the knee slightly flexed. In two or three weeks, 
after the wound has healed, the cast is removed, and the leg is suspended in balanced traction for active 
and passive motion. Daily physical therapy is given, the patient being instructed in quadriceps exercises, 
and care is taken to prevent forcible flexion of the knee. After five or six weeks a long leg brace with 
limited motion at the knee joint is applied. Partial weight-bearing is begun after eight or ten weeks. 
Full weight-bearing is started after five or six months. The period of disability following operation in 
the cases in this series averaged seven to ten months. 

Traumatic arthritis has been found to develop after a varying period of years in many instances 
following operative reconstruction of the tibial condyles. — Fred G. Iludgsun, M.D., Atlanta, Georgia. 

Trench Foot. Frank K. Boland, Jr., Thomas S. Claiborne, and Francis P. Parker. Surgery, XVII, 564, 

1945. 

During the winter months in France, Belgium, and northern Italy many of our soldiers suffered 
from trench foot. This condition was manifested by pain and swelling of the feet, following exposure 
for long periods of time to wet and cold. The authors of this article report observations based upon the 
study of 125 of these patients at a general hospital. 

The pathology of trench foot is quite similar to that of frostbite, immersion foot, shelter foot, 
and chilblain. The average time of continuous exposure to cold and wet by the men in this group was 
eleven days. Dry cold was much better tolerated than moist cold approximately at the point of freez- 
ing. Very few of the men had opportunity to change their socks during the period of their exposure, 
and the socks were usually wet. The swelling was more marked when the patients removed their shoes 
and their feet became warm. Simultaneously the pain increased. 

Treatment consisted simply of elevation of the feet, which were kept dry and moderately cold. The 
covers were kept turned back in most instances. When pain and swelling had diminished, some exercises 
were encouraged. In the severe type, gangrene developed; and necrotic tissue had to be cut away. 
Eighty-two per cent, of these patients were able to return to duty after a period of treatment and con- 
valescent care which averaged sixty-one days. — Edward L. Compere, M.D., Chicago, Illinois. 

Homogenous Cartilage Grafts. Forrest Young. Surgery, XVII, 616, 1945. 

This study was undertaken to determine the viability of various types of cartilage transplants. In 
a previous experimental study by the author, autogenous cartilage grafts were used and dogs were se- 
lected for the experiments. It was found that autogenous costal cartilage, when transplanted to the sub- 
cutaneous tissues in dogs, remained viable, and did not lose weight or volume for as long as one and a 
half years. It made no difference whether the cartilage ivas transplanted with or without perichondrium. 
Following these experiments, the author was able to examine an autogenous costal cartilage graft which 
had been used in the treatment of a woman for a nasal deformity twelve j'ears previously. Microscopi- 
cally, the cartilage appeared normal. 

In this study. Young transplanted segments of costal cartilage from one dog to the abdominal wall 
of another ; five pairs of dogs were used. A total of sixty pieces of costal cartilage were implanted in the 
abdominal walls of ten dogs ; in each instance the cartilage was obtained from a donor dog. These grafts 
were removed at intervals and examined. A few of the cells had lost their nuclei, and a central area of 
bone formation had appeared in some of the cartilage grafts. The cross transplants, however, all re- 
mained viable, though some degenerative changes were present. — Edward L. Compere, M.D., Chicago, 
Illinois. 
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